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ABSTRACT
GENETIC STUDIES OP SERUM ALKALINE PHOSPHATASE 
ISOZYMES IN JAPANESE QUAIL (COTURNIX COTURNIX 
JAPONICA) USING DISC ELECTROPHORESIS
by
THOMAS FRANCIS SAVAGE
S e v e r a l  l i n e s  o f  J a p a n e s e  q u a i l ,  i n c l u d i n g  r e p l i c a t e  l i n e s  
w h ich  had b e e n  f a m i ly  s e l e c t e d  f o r  h ig h  21 - d a y  body w e ig h t  
f o r  o v e r  25  g e n e r a t i o n s ,  w ere  u se d  t o  i n i t i a t e  a  s t u d y  o f  serum  
a l k a l i n e  p h o s p h a ta s e  (SAP) iso z y m e s .  S in c e  t h i s  enzyme had  n o t  
b e e n  p r e v i o u s l y  s t u d i e d  i n  q u a i l ,  a  p o ly a c r y la m id e  d i s c  e l e c t r o ­
p h o r e s i s  m ethod was d e v e lo p e d  t o  d e t e o t  SAP iso z y m e s .
B lood sa m p le s  c o l l e c t e d  from  b i r d s  a t  2 1 - d a y s  o f  a g e  by 
b r a c h i a l  v e n i p u n c t u r e ,  w ere  a l lo w e d  t o  c l o t  f o r  one h o u r  th e n  
c e n t r i f u g e d .  Twenty m i c r o l i t e r s  o f  serum  w ere  e l c t r o p h o r e s e d  
i n  s e v e n  p e r c e n t  g e l s .  E l e c t r o p h o r e s e d  g e l s  w ere  t h e n  s t a i n e d  
f o r  SAP iso z y m e s  u s in g  a  s im u l t a n e o u s  a zo  dye c o u p l in g  m ethod 
o f  F a s t  Red TR an d  a l p h a - n a p h t h y l  a c i d  p h o s p h a t e .  The SAP 
iso z y m e s  s t a i n e d  a s  r e d -b ro w n  o o l o r e d  b a n d s .
E ig h t  iso z y m e s  o f  q u a i l  serum  a l k a l i n e  p h o s p h a ta s e  d e s i g ­
n a t e d  AkP-1 t o  AkP-7# i n c l u d i n g  A kP-5^  and  A kP-5^. i n  o r d e r  
o f  d e c r e a s i n g  e l e o t r o p h o r e t i c  m o b i l i t y  have b e e n  d e t e o t e d  i n  
t h e  s e r a  o f  a p p r o x i m a t e ly  1 ,1 0 0  q u a i l  exam ined  a t  2 1 - d a y s  o f  
a g e .  Commonly o b s e rv e d  2 1 -d a y  zymograms c o n t a i n e d  e i t h e r
i x
P siso zy m es  AkP-3 a n d  -5  , o r  AkP-3 a n d  -5  . The AkP-3 isozym e
was i n v a r i a n t .  The maximum num ber o f  Iso z y m es  d e t e c t e d  i n
any  one q u a i l  serum  was f o u r .
The i n f l u e n c e  o f  a g e  o f  b i r d  on t h e  p r e s e n c e  o r  a b s e n c e
Po f  Isozym e AkP-5 was s t u d i e d  a t  v a r i o u s  i n t e r v a l s  from  h a t c h ­
in g  t o  28 -w eek s  o f  a g e  u s i n g  a  t o t a l  o f  65 m ale  a n d  fe m a le  
q u a i l .  At h a t c h i n g  SAP iso zy m es  w ere  n o t  d e t e c t a b l e  i n  e i t h e r
m a le s  o r  f e m a le s .  In  m a les  t h e  SAP zymogram c o n s i s t e d  o f
PAkP-3 and  AkP-5 from  one t o  16 -w eeks  o f  a g e  a t  w h ich  t im e  i n
Psome m a le s  AkP-5 was u n d e t e c t a b l e .  At 28 -w eeks  o f  a g e ,
PAkP-5 was c o n s i s t e n t l y  a b s e n t  a n d  o n ly  AkP-3 r e m a in e d .  Fe­
m ale  SAP zymograms from  one t o  3 -w eeks o f  a g e  w ere  s i m i l a r  
t o  t h o s e  o f  m a les  a t  c o r r e s p o n d in g  a g e s .  A change  o c c u r r e d  
i n  t h e  zymogram a t  a p p r o x im a te ly  6-w eeks o f  a g e  w h ich  was d i ­
r e c t l y  r e l a t e d  t o  t h e  o n s e t  o f  egg  p r o d u c t i o n .  E i t h e r  th e
Pe l e c t r o p h o r e t i c  m o b i l i t y  o f  AkP-5 i n c r e a s e d ,  a t  s e x u a l  
m a t u r i t y ,  o r  a  new Isozym e a p p e a r e d .  The change  i n  t h e  
zymogram o f  t h e  l a y i n g  fe m a le  may have  r e s u l t e d  from  h orm onal 
c h a n g e s  a s s o c i a t e d  w i t h  egg p r o d u c t i o n .  Zymograms o f  non­
l a y i n g  a d u l t  f e m a le s  c o n ta in e d  o n ly  A kP-3 .
Isozym es AkP-1 a n d  AkP-2 w ere  d e t e c t e d  I n  o n ly  2 a n d  b 
q u a i l  s e r a ,  r e s p e c t i v e l y ;  t h e r e f o r e ,  w ere  n o t  s t u d i e d  f u r t h e r .  
The p r e s e n c e  o f  Al.P- 6  i n  q u a i l  s e r a  was fo u n d  t o  be s t r o n g l y  
r e l a t e d  t o  t h e  f e e d i n g  s c h e d u l e .  A t te m p ts  t o  d e te r m in e  t h e  
g e n e t i c  b a s i s  f o r  t h e  p r e s e n c e  o f  AkP-4 a n d  - 7  i n  serum  w ere 
u n s u c c e s s f u l .
x
A p p r o p r i a t e  m a t in g s  I n d i c a t e d  t h a t  th e  AkP-5 Iso zy m es
Fw ere  t h e  p r o d u c t  o f  one a u to s o m a l  l o c u s  and  t h a t  AkP-5 was
C
c o m p le te ly  d o m in a n t  t o  I t s  r e o e s s l v e  a l l e l e  AkP-5 . P h o s -
F Sp h a t a s e  I n h i b i t o r  s t u d i e s  I n d i c a t e d  t h a t  AkP-5 and  AkP-5
w ere  o f  d i f f e r e n t  g e n e t i c  o r i g i n  t h a n  A kP-3•
The gene  f r e q u e n c y  o f  t h e  AkP-5 a l l e l e s  I n  two l i n e s
s e l e c t e d  f o r  h ig h  body w e ig h t  ( L in e s  200 an d  2 0 5 )  was e s t i -
Pm ated  t o  be d o s e  t o  1 . 0 .  E v i d e n t l y  th e  gene  AkP-5 , o r
FAkP-5 and  a  g ro u p  o f  a d j a c e n t  g e n e s  on t h e  same chromosome,
c o n t r i b u t e d  f a v o r a b l y  t o  21 -d a y  body  w e ig h t  s i n c e  t h e  a l t e r -
sn a t e  a l l e l e ,  AkP-5 • was a l l  b u t  a b s e n t  i n  t h e s e  two w e ig h t
Fs e l e c t e d  q u a i l  l i n e s .  The gene f r e q u e n c y  o f  AkP-5 i n  co n ­
t r o l  L ine  405 was e s t i m a t e d  t o  be 0 .5 8 .
INTRODUCTION
A q u a n t i t a t i v e  t r a i t  i s  t h e  c o m p o s i te  e x p r e s s i o n  o f  
p o ly g e n e s  a t  many g ene  l o o l .  A r e c e n t  t r e n d  i n  t h e  s tu d y  
o f  q u a n t i t a t i v e l y  i n h e r i t e d  t r a i t s  i s  t h e  a t t e m p t  t o  I d e n ­
t i f y  i n d i v i d u a l  g e n es  a n d  t h e i r  c o n t r i b u t i o n s .  R o b e r ts o n  
(1 9 6 7 )  p ro p o s e d  t h a t  t h e  i d e n t i f i c a t i o n  o f  t h e s e  i n d i v i d u a l  
g e n e s  be  s t u d i e d  th r o u g h  t h e  p l e l o t r o p l c  e f f e c t s  o f  th e  g e n e .  
He r e f e r r e d  t o  t h i s  a s  a n a l y z i n g  t h e  " g e n e t i c  a r c h i t e c t u r e "  
o f  t h e  t r a i t .  T h is  e f f o r t  may g i v e  man a  f u l l e r  u n d e r s t a n d i n g  
o f  t h e  f u n c t i o n  o f  g e n e s .  To s t u d y  t h e  p l e i o t r o p i c  e f f e c t s  
o f  a  gene  r e q u i r e s  t h a t  t h e  im m ed ia te  p r o d u c t  o f  a  g e n e ,  
u s u a l l y  a  p r o t e i n  o r  a n  enzym e, be i d e n t i f i e d .
In  a  g e n e t i c  sy s te m  su ch  a s  t h a t  fo u n d  i n  D r o s o p h i l a  o r  
man t h e  num ber o f  gene  l o c i  o r i g i n a l l y  t h o u g h t  t o  be  p o l y ­
m o rp h ic ,  t h e o r e t i c a l l y  was c o n s i d e r e d  t o  be s m a l l .  A p o l y ­
m o rp h ic  l o c u s ,  a s su m in g  two a l l e l e s ,  i s  one a t  w h ich  t h e  g e n e s  
have  a p p r o x i m a t e ly  i n t e r m e d i a t e  f r e q u e n c i e s  a n d  two d i s t i n c t  
p h e n o ty p e s  r e s u l t .  A p o ly m o rp h ic  l o c u s  may have  more t h a n  
two a l l e l e s .  A gene  l o c u s  w h ich  I s  m onomorphic c a n n o t  be 
I d e n t i f i e d  ( H a r r i s ,  1 9 6 6 ) .  In  a  n a t u r a l  p o p u l a t i o n  o f  
D r o s o p h i l a  m e la n o g a s t e r  (Hubby a n d  L ew o n tln ,  1966; L ew on tln  
and  Hubby, 1 9 6 6 ) 9 o f  21 gene  l o c i  exam ined  had  more t h a n  one 
e l e c t r o p h o r e t i c a l l y  d i s t i n g u i s h a b l e  p r o t e i n  a t  e a c h  l o c u s .
T h is  s u g g e s t s  one p o s s i b l e  m ethod f o r  t h e  i d e n t i f i c a t i o n  o f  
p o ly g e n e s  a t  h e te r o z y g o u s  l o c i .  I f  e a c h  a l l e l e  a t  e a c h  gene  
l o c u s  p r o d u c e s  a  d i f f e r e n t  gene  p r o d u o t ,  p r o t e i n  o r  enzyme.
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2a n d  a  sy s te m  f o r  d e t e c t i n g  t h e  g ene  p r o d u c t  I s  a v a i l a b l e ,  
a  q u a n t i t a t i v e  t r a i t  c a n  be  s t u d i e d  I n  r e l a t i o n  t o  t h e  n a t u r e  
o f  t h e  gene  p r o d u c t .
A l k a l i n e  p h o s p h a ta s e  I s  a n  enzyme t h a t  h y d r o ly z e s  o r t h o -  
p h o s p h o r lo  m o n o e s te r s ,  I n  v i t r o . I t  I s  a  u b i q u i t o u s  enzyme 
fo u n d  i n  se ru m , ly m p h o c y te s ,  k id n e y ,  b o n e ,  l i v e r  an d  s m a l l  
I n t e s t i n e .  The p r e c i s e  f u n c t i o n  o f  t h e  enzyme i s  u n c l e a r  
a n d  i t s  I n  v i v o  b i o l o g i c a l  s u b s t r a t e  i s  unknown. W ilcox  ( 1 9 6 6 ) 
s e l e c t e d  f o r  i n c r e a s e d  serum  a l k a l i n e  p h o s p h a ta s e  a c t i v i t y  i n  
c h ic k e n s  a t  6 -w eeks  o f  a g e  a n d  fo u n d  t h a t  body  w e ig h t  i n ­
c r e a s e d  a s  a  r e s u l t  o f  I n d i r e c t  s e l e c t i o n .  He a l s o  showed 
t h a t  two e l e c t r o p h o r e t i c a l l y  d i s t i n c t  fo rm s o f  a l k a l i n e  p h o s ­
p h a t a s e ,  d e s i g n a t e d  F a s t  and  S low , c o u ld  be  d e t e c t e d .  The 
F a s t  form  o f  t h e  enzyme a p p e a r e d  t o  be r e l a t e d  t o  h ig h  p h o s ­
p h a ta s e  a c t i v i t y  and  I n c r e a s e d  6 -w eek  body  w e ig h t .
At t h e  U n i v e r s i t y  o f  New H am pshire  a n  e x p e r im e n t  i s  
underw ay i n  w h ich  t h e  g e n e t i c  r e s p o n s e  t o  f a m i ly  s e l e c t i o n  
f o r  i n c r e a s e d  2 1 -d a y  body w e ig h t  i n  J a p a n e s e  q u a i l  ( C o tu r n ix  
c o t u r n i x  j a p o n l c a )  I s  u n d e r  I n v e s t i g a t i o n .  A f t e r  22 g e n e r a ­
t i o n s  o f  s e l e c t i o n  t h e  mean 2 1 - d a y  body w e ig h t  o f  two s e l e c t e d  
l i n e s  h a s  i n c r e a s e d  from  5 9 .7  t o  9 2 .8  g ra m s .  The r e s e a r c h  
t o  be  d i s c u s s e d  i n  t h i s  t h e s i s  was p u r s u e d  w i th  t h e  Id e a  
t h a t  t h e r e  may be  e l e c t r o p h o r e t i c  v a r i a n t s  o f  serum  a l k a l i n e  
p h o s p h a t a s e s  i n  q u a i l  a n d  i f  so  a n d  t h e y  c o u ld  be d e t e c t e d ,  
t h e  r e l a t i o n s h i p  o f  t h e  u n d e r l y i n g  gene o r  g e n e s  t o  body 
w e ig h t  m ig h t  b e  s t u d i e d .
REVIEW OP LITERATURE
A l k a l i n e  P h o s p h a ta s e  and  Body W eight
Matsumoto e t .  a l . , ( i 9 6 0 ) e s t i m a t e d  h e r i t a b i l l t y  o f  
serum  a l k a l i n e  p h o s p h a ta s e  l e v e l  a n d  body w e ig h t  g a in  i n  
c h ic k e n s  b a s e d  upon  a f u l l - s i b  a n a l y s i s .  The e s t i m a t e  f o r  
p h o s p h a ta s e  was 0 .8  and  f o r  g a in  0 . 6 .  Okada a n d  T su tsu m i 
(1 9 6 3 )  u s in g  d i a l l e l  m a t in g s  o b t a i n e d  a  h e r i t a b i l l t y  e s t i ­
m ate  f o r  serum a l k a l i n e  p h o s p h a ta s e  o f  0 .3 2 .  S m ith  and  
Goodman (1970) e s t i m a t e d  h e r i t a b i l l t y  o f  1 2 -d ay  serum a l k a ­
l i n e  p h o s p h a ta s e  l e v e l s .  The e s t i m a t e s  b a s e d  upon p a t e r n a l ,  
m a t e r n a l  h a l f - s i b s  and f u l l - s i b s ,  w e re  0 .0 4 ,  0 .0 7  and 0 . 0 6 , 
r e s p e c t i v e l y .
A s i g n i f i c a n t  p h e n o ty p ic  c o r r e l a t i o n  b e tw e e n  c h ic k e n  
serum  a l k a l i n e  p h o s p h a ta s e  l e v e l  a n d  body w e ig h t  g a in  h a s  
b e e n  r e p o r t e d  by  Tanabe a n d  W ilcox ( i 9 6 0 ) and  Matsumoto 
ejt a l . , ( i 9 6 0 ) .  The g e n e t i c  c o r r e l a t i o n s  b e tw e e n  c h ic k e n  
serum  a l k a l i n e  p h o s p h a t a s e  and  body w e ig h t  h ave  been  r e p o r t e d  
by Okada and  T su tsu m i ( 1 9 6 3 ) and  S m ith  and  Goodman (1 9 7 0 )  and  
w ere  o f  t h e  o r d e r  o f  0 ,1 9  a n d  0 .1 6  r e s p e c t i v e l y .  Both g e n o ­
t y p i c  c o r r e l a t i o n s  w ere  p o s i t i v e  i n  s i g n .
D e t e c t i o n  o f  P o ly g e n e s
I n  o r d e r  t o  i d e n t i f y  a  p o ly g e n e ,  t h e r e  m u s t  be a l l e l i c  
v a r i a t i o n  a t  t h e  l o c u s .  S p i c k e t t  ( 1 9 6 3 ) i n  D r o s o p h i l a  
s t u d i e d  p o ly g e n e s  a t  two l o c i  by o b s e r v i n g  t h e i r  p l e l o t r o p i c
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e f f e c t s  f o r  h ig h  s t e r n o p l e u r a l  c h a e t a  num ber.  At one l o c u s ,  
t h e  gene f u n c t i o n e d  by  i n c r e a s i n g  f l y  s i z e  and  b r i s t l e  num ber . 
A t t h e  se co n d  l o c u s ,  v a r i a t i o n  was o b s e rv e d  i n  t h e  num ber o f  
b r i s t l e s  i n  t h e  v e n t r a l  r e g i o n  o f  t h e  s t e r n o p l e u r a l  o n ly .
A p o ly g e n e  may a l s o  be d e t e c t e d  by s t u d y i n g  t h e  im m e d ia te  
g e n e  p r o d u c t .  Beardm ore (1 9 7 0 )  r e p o r t e d  t h a t  19 p e r c e n t  o f  
t h e  p h e n o ty p ic  v a r i a n c e  a s s o c i a t e d  w i th  t h e  r a t e  o f  d e v e lo p ­
m ent i n  D r o s o p h i l a  c o u ld  be a t t r i b u t e d  t o  a l l e l i c  v a r i a t i o n  
a t  t h e  e s t e r a s e -6  g en e  l o c u s .  A sh to n  ( 1 9 6 3 ) showed t h a t  
10 p e r c e n t  o f  v a r i a t i o n  i n  m i l k  y i e l d  i n  d a i r y  c a t t l e  was 
a t t r i b u t a b l e  t o  a l l e l i c  v a r i a t i o n  a t  a  l o c u s  a s s o c i a t e d  w i t h  
t r a n s f e r r i n  p r o d u c t i o n .  S in c e  b o th  e s t e r a s e -6  a n d  t r a n s ­
f e r r i n  l o c i  w ere  p o ly m o rp h ic  a n d  a l l e l e s  a t  each  l o c u s  
p ro d u c e d  p r o t e i n s ,  t h e  t e c h n i q u e  o f  e l e c t r o p h o r e s i s  was 
u s e d  t o  I d e n t i f y  t h e  a l l e l e s  p r e s e n t  i n  t h e  d i f f e r e n t  a n i m a l s .
E l e c t r o p h o r e s i s  T ec h n iq u e s
E l e c t r o p h o r e s i s  i s  t h e  m i g r a t i o n  o f  a  c h a rg e d  p a r t i c l e  
u n d e r  t h e  i n f l u e n c e  o f  a n  e l e c t r i c a l  f i e l d .  S in c e  p r o t e i n s  
a r e  composed o f  amino a d d s ,  t h e y  can  p o s s e s s  a  n e t  e l e c t r i c a l  
c h a rg e  d e p e n d e n t  upon t h e  num ber a n d  k in d s  o f  f r e e  a c i d i c  a n d  
b a s i c  amino a c i d  s i d e  g r o u p s .  S m i th ie s  (1 9 5 5 )  u s e d  t h e  c o n c e p t  
o f  c h a rg e  d i f f e r e n c e s  b e tw ee n  p r o t e i n s  t o  s e p a r a t e  human serum  
p r o t e i n s  i n  a  s t a r c h - g e l  medium. The i n t r o d u c t i o n  o f  t h e  
a t a r o h - g e l  e l e c t r o p h o r e s i s  t e c h n iq u e  p e r m i t t e d  t h e  s e p a r a t i o n  
o f  p r o t e i n s  b a s e d  upon t h e  s t r e n g t h  o f  t h e  e l e c t r i c a l  c h a rg e
5o r  upon t h e  s i e v i n g  e f f e c t  o f  m o le c u l a r  s i z e .  T h is  s i e v i n g  
e f f e c t  in  t h e  g e l  was c a u se d  by c r o s s l i n k a g e  r e s u l t i n g  from  
p a r t i a l  h y d r o l y s i s  o f  t h e  s t a r c h .  H u n te r  an d  M a rk e r t  (1 957 )  
r e p o r t e d  t h a t  enzym es e l e c t r o p h o r e s e d  i n  s t a r c h - g e l  o o u ld  be 
d e t e c t e d  u s i n g  h l s t o c h e m i c a l  s t a i n i n g  t e c h n i q u e s .  They 
te rm e d  an  e l e c t r o p h o r e s e d  g e l  s t a i n e d  f o r  a n  enzyme r a t h e r  
t h a n  f o r  t o t a l  p r o t e i n  a  zymogram. W rob lew sk i a n d  G re g o ry  
( 1 9 6 1 ) r e f e r r e d  t o  m u l t i p l e  m o le c u la r  fo rm s  o f  l a c t a t e  d e ­
h y d ro g e n a se  d e t e c t e d  from s t a r c h - g e l  e l e c t r o p h o r e s i s  a s  
i s o e n z y m e s . M a rk e r t  and  M o l le r  (195 9 )  s t u d i e d  m u l t i p l e  fo rm s 
o f  l a c t a t e  d e h y d ro g e n a s e  and  i d e n t i f i e d  them  a s  I s o z y m e s . 
These two te rm s  a r e  c o n s i d e r e d  t o  be i n t e r c h a n g e a b l e  
(B rew er ,  1 9 7 0 ) .
S u b s t i t u t i o n  o f  p o ly a c r y la m id e  f o r  s t a r c h ,  a s  t h e  g e l  
e l e c t r o p h o r e s i s  medium, p r o v id e d  f o r  g r e a t e r  r e s o l u t i o n  o f  
t h e  p r o t e i n s  s e p a r a t e d  b e c a u s e  o f  t h e  a b i l i t y  t o  r e g u l a t e  t h e  
g e l  p o re  s i z e  (Raymond and  W e in tra u b ,  1959)*  In  a d d i t i o n ,  
p o ly a c r y la m id e  g e l  was h e a t  s t a b l e ,  t r a n s p a r e n t ,  s t r o n g  and  
c h e m ic a l ly  i n e r t .  (A m ylases c o u ld  n o t  be  s e p a r a t e d  i n  
s t a r c h - g e l s  b e c a u s e  t h e  enzyme w ould  d e g ra d e  t h e  s t a r c h . )  
O r n s t e i n  (1964) a n d  D av is  (19 64 )  m o d i f i e d  t h e  p o ly a c r y la m id e  
g e l  m ethod  o f  Raymond and  W e in t r a u b .  The new t e c h n i q u e ,  d i s c  
e l e c t r o p h o r e s i s ,  u se d  3 p o ly a c r y la m id e  g e l s  o f  d i f f e r e n t  p o re  
s i z e s  t o  r e d u c e  d i f f u s i o n  o f  p r o t e i n s  I n h e r e n t  i n  t h e  e a r l i e r  
m e th o d s .  As a  r e s u l t ,  t h i n n e r  s t a r t i n g  z o n e s  o f  sam ple  and  
r e d u c e d  e l e c t r o p h o r e s i s  t im e s  p ro d u c e d  e l e c t r o p h o r e s e d  g e l s
6c o n t a i n i n g  s e p a r a t e d  p r o t e i n s  w i th  I n c r e a s e d  r e s o l u t i o n .  
G e n e t i c s  o f  E l e c t r o p h o r e s e d  A v ian  Serum A l k a l i n e  P h o s p h a ta s e
G e n e t i c  s t u d i e s  o f  e l e c t r o p h o r e s e d  a l k a l i n e  p h o s p h a ta s e s  
i n  a v i a n  s p e c i e s  a r e  l i m i t e d .  C h ick en  serum  e l e c t r o p h o r e s e d  
i n  s t a r c h - g e l  was fo u n d  t o  c o n t a i n  e i t h e r  a  f a s t  o r  s lo w  
m i g r a t i n g  p h o s p h a ta s e  iso z y m e , th e  f a s t  p h o s p h a ta s e  b e in g  
c o m p le t e ly  do m inan t t o  t h e  s lo w  (Law a n d  Munro, 196 5 ; W ilco x , 
1 9 6 6 ) .  Tamaki and  Tanabe (1 9 7 0 )  fo u n d  two t y p e s  o f  c h ic k e n  
p h o s p h a ta s e  zymograms u s i n g  p o ly a c r y la m id e  g e l  e l e c t r o p h o ­
r e s i s .  Each p h o s p h a ta s e  t y p e ,  f a s t  a n d  s lo w , c o n s i s t e d  o f  
two iso z y m e s .  The f a s t  ty p e  was c o m p le t e ly  d o m in an t t o  
t h e  s lo w  t y p e .  S te v e n s  a n d  G arza  ( 1 9 6 8 ) d e t e c t e d  4 i so z y m e s  
o f  t u r k e y  serum  a l k a l i n e  p h o s p h a ta s e  u s i n g  s t a r c h - g e l  e l e c t r o ­
p h o r e s i s .  They d e s i g n a t e d  t h e  iso z y m e s  1 , 2 ,  3 and  isozym e 
1 b e in g  t h e  f a s t e s t .  Isozym e 2 a p p a r e n t l y  was c o m p le te ly  
d o m in a n t  t o  isozym e 3» Iso zy m es 1 a n d  b o c c u r r e d  I n d e p e n ­
d e n t l y  o f  2 and  3 .  In  c o n t r a s t  t o  t h e s e  f i n d i n g s  i n  c h ic k e n  
an d  t u r k e y  s e r a ,  d i s c  e l e c t r o p h o r e s e d  p ig e o n  serum  p h o s p h a t a s e s  
w ere  r e p o r t e d  t o  be c o n t r o l l e d  by h co d o m in an t  a l l e l e s  a t  one 
l o c u s  (Brown a n d  M anley, 1 9 7 0 ) .  T hus, i n  t h e  fo rm e r  more 
c l o s e l y  r e l a t e d  s p e c i e s  t h e  t y p e  o f  gene  a c t i o n  r e s p o n s i b l e  
f o r  t h e  g e n e t i c  v a r i a t i o n  i n  serum  a l k a l i n e  p h o s p h a t a s e s  
a p p e a r e d  t o  be  t h e  same, one gene c o m p le t e ly  d o m inan t t o  
t h e  o t h e r .
OBJECTIVES
1 . To e s t a b l i s h  a  method f o r  th e  e l e c t r o p h o r e t i c  s e p a r a t i o n  
and  t h e  h i s to c h e m io a l  d e t e c t i o n  o f  q u a i l  serum  a l k a l i n e  
p h o s p h a ta s e  i so z y m e s .
2 .  To s tu d y  t h e  e l e c t r o p h o r e t i c  b e h a v io r  o f  serum  a l k a l i n e  
p h o s p h a ta s e  i n  J a p a n e se  q u a i l  a t  2 1 -d a y s  o f  a g e .
3 . To d e te rm in e  w h e th e r  o r  n o t  e l e c t r o p h o r e t i c  v a r i a n t s  
o f  serum  a l k a l i n e  p h o s p h a ta s e  w ere  p r e s e n t  an d  u n der  
g e n e t i c  c o n t r o l ,  and  i f  so ,  t h e  mode o f  i n h e r i t a n c e .
To d e te rm in e  t h e  gene f r e q u e n c y  o f  g e n e t i c a l l y  c o n t r o l l e d  
v a r i a n t s  o f  a l k a l i n e  p h o s p h a ta s e  i n  q u a i l  l i n e s  s e l e c t e d  
f o r  i n c r e a s e d  2 1 -d ay  body  w e ig h t .
5 .  To d e te rm in e  t h e  r e l a t i o n s h i p  b e tw ee n  a  v a r i a n t  o f  
a l k a l i n e  p h o s p h a ta s e  a n d  2 1 -d ay  body w e ig h t .
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EXPERIMENTAL PROCEDURE
D e s c r i p t i o n  o f  S to c k
H i s t o r y  o f  t h e  l i n e s . T h ree  o f  t h e  q u a i l  l i n e s  u se d  In  
t h i s  s t u d y  w ere  d e r i v e d  from  a n  o r i g i n a l  m a t in g  o f  15 m a le s  
and  60 fe m a le s  lo a n e d  In  1963 t o  t h e  D ep artm en t o f  A nim al 
S c ie n c e s  by th e  Game Farm a t  B ren tw ood o p e r a t e d  by t h e  New 
H am pshire  P i s h  and  Game D e p a r tm e n t ,  C oncord , N.H. The s t o c k  
had b e e n  r e p r o d u c e d  once  a  y e a r  f o r  s e v e r a l  y e a r s  p r i o r  t o  
1 9 6 3 , u s i n g  a  f l o c k  m a t in g .  T w e n ty - th r e e  m ale  and  a p p r o x i ­
m a te ly  70 fem a le  o f f s p r i n g  from  t h e  o r i g i n a l  m a t in g ,  m ated  
i n  m ale  t o  fem a le  r a t i o s  o f  from  1 :1  t o  1 :5* p ro d u c e d  a  popu­
l a t i o n ,  g e n e r a t i o n  z e ro  z e r o  (G0 0 ),  o f  a p p r o x i m a t e ly  500 q u a i l .  
At s i x  w eeks o f  a g e ,  k l i n e s  o f  50 m a les  and  50 fe m a le s  p e r  
l i n e  w ere  form ed from  t h i s  p o p u l a t i o n  by d ra w in g  b i r d s  a t  
random a n d  a s s i g n i n g  them a t  random  t o  one o f  t h e  f o u r  l i n e s .  
W ith in  e a c h  l i n e  t h e  b i r d s  w ere  p a i r  m a ted .  Two o f  th e  **■ l i n e s  
w ere  d e s i g n a t e d  t o  be s e l e c t e d  l i n e s  (200 and  201 )  and  2 
t o  be c o n t r o l  l i n e s  (202 a n d  2 0 3 ) .  The o f f s p r i n g  (GQ) o f  
t h e  50 p a i r e d  m a t in g s  i n  e a c h  o f  t h e  4 l i n e s  w ere  th e  f i r s t  
t o  w h ich  s e l e c t i o n  was a p p l i e d .  The 2 l i n e s  d e s i g n a t e d  a s  
s e l e c t e d  l i n e s ,  w ere  s e l e c t e d  on a  f a m i ly  b a s i s  f o r  h ig h  
3 -w eek  body w e ig h t .  The two l i n e s  d e s i g n a t e d  c o n t r o l  l i n e s  
w ere  r e p r o d u c e d  a t  random  w i t h o u t  s e l e c t i o n  by t a k i n g ,  w here 
p o s s i b l e ,  one son  and  one d a u g h te r  from  e a c h  p a i r  m a t in g .
D e r i v a t i o n  o f  L in e  2 0 5 . L in e  205 was d e r i v e d  from  a  
c r o s s  o f  L in e s  200 a n d  201 a f t e r  t h e s e  l i n e s  h ad  b e e n
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9s e l e c t e d  f o r  h ig h  3 -w eek  body w e ig h t  f o r  16 g e n e r a t i o n s .
The F^ g e n e r a t i o n  was p ro d u c e d  by  d ra w in g  12 m a les  a n d  12 
f e m a le s  a t  random  from  L in e  200 a n d  a n  e q u a l  number from  
Line 2 0 1 . T w e n ty - fo u r  p a i r e d  m a t in g s .  I n v o l v in g  r e c i p r o c a l  
c r o s s e s  o f  t h e  2 l i n e s ,  were fo rm e d .  A p p ro x im a te ly  120 F ^ 's  
w ere  p ro d u c e d .  An P^ g e n e r a t i o n  was p ro d u c e d  from  24 s i n g l e  
p a i r  m a t in g s ,  I n c l u d i n g  r e c i p r o c a l s ,  fo rm ed  by t a k i n g  one m ale  
a n d  one fe m a le  o f f s p r i n g  from  e a c h  o f  t h e  m a t in g s  o f  P^ 
p a r e n t s .  An P^ g e n e r a t i o n  a l s o  was p ro d u c e d  from  24 s i n g l e  
p a i r  m a t in g s .  In  w h ich  t h e  h e a v i e s t  male a n d  fe m a le  o f f s p r i n g  
a t  3-*weeks o f  age  w ere  s e l e c t e d  t o  be b r e e d e r s  from  eao h  o f  
t h e  24  m a t in g s  o f  Pg g e n e r a t i o n  p a r e n t s .  M ating  was a t  r a n ­
dom. The g e n e r a t i o n  was p ro d u c e d  from  50 s i n g l e  p a i r  
m a t in g s  o f  F^ I n d i v i d u a l s  f a m i ly  s e l e c t e d  f o r  3 -w eek  body 
w e ig h t ,  by c o m p u te r ,  t o  p r o v id e  50  m ales  a n d  50 f e m a le s .
M ating  was a t  random . The f o l l o w i n g  r e l a t i o n s h i p s  be tw een  
F a n d  p u re  l i n e  g e n e r a t i o n s  p r e v a i l :
P1 = G18
p = G,2 19
F„ = G_
3 20
P. =r G__4 21
D e r i v a t i o n  o f  L in e  4 0 5 . T h is  l i n e  was d e r i v e d  from  
q u a i l  l i n e s  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  D av is  (UCD). 
The h a t c h i n g  e g g s  from  UCD w ere  from  3 k in d s  o f  m a t in g s ,  
(1 )  m a t in g s  t o  s tu d y  t h e  I n h e r i t a n c e  o f  p a r r o t  b e a k  
( c h o n d r o d y s t r o p h y ) ,  (2 )  m a t in g s  I n v o l v in g  t h e  gene  f o r
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w h i t e  egg  s h e l l  and  ( 3 )  m a t in g s  t o  s tu d y  t h e  i n h e r i t a n c e  
o f  w h i te  p r im a r y  f e a t h e r s .  G e n e r a t io n  one (G^) c o n s i s t e d  
o f  two h a t c h e s  o f  e g g s  from  t h e s e  m a t in g s  ( 1 /1 4 /6 6  a n d  
1 / 2 8 /6 6 )  a n d  t h e  q u a i l  c o n s t i t u t i n g  t h i s  g e n e r a t i o n  w ere  
d e s i g n a t e d  c o l l e c t i v e l y  a s  L in e  4 0 1 .  The o r i g i n a l  o b j e c t i v e  
was t o  e s t a b l i s h  a  new l i n e ,  one from  e a c h  o f  t h e s e  m a t in g s .  
T h ese  l i n e s  w ere  fo rm ed  in  A u g u s t  and  S e p te m b e r ,  1966 an d  
w ere  d e s i g n a t e d  a s  L in e  402 ( w h i t e  p r im a ry  f e a t h e r ) ,  L ine  
403 (w h i te  egg  s h e l l )  a n d  L ine  404  ( c h o n d r o d y s t r o p h y ) .
They w ere m a in t a in e d  a s  s e p a r a t e  l i n e s  u n t i l  March, 1968  
a t  w hich  t im e  L ine  405 was fo rm ed  from 25 s i n g l e  p a i r  
m a t in g s  u s i n g  th e  f o l l o w i n g  num bers  o f  b i r d s  from e a c h  l i n e :
Number




Two m ales  from  L ine 402 were e a c h  mated t o  two f e m a l e s .
k in d s  a n d  number o f  p u r e  l i n e m a t in g s  a n d  o f l i n e  c r o s s
m a t in g s  a r e  g iv e n b e lo w :
Male from  Line Female fro m  Line No. o f  M a t ln a s
402 X 402 5
404 X 404 2
402 X 403 2
402 X 404 5
403 X 402 5
404 X 402 3
404 X 403 3
11
T w e n ty - f iv e  t o  30 p a i r  m a t in g s  w ere  u s e d  t o  r e p r o d u c e  
t h e  l i n e  I n  each  o f  t h e  s u c c e e d in g  g e n e r a t i o n s .
A summary o f  t h e  q u a i l  l i n e s  u se d  In  t h i s  r e s e a r c h  by 
num ber, d e s i g n a t i o n  and  g e n e r a t i o n  In  w h ich  t h e  l i n e  was 
f i r s t  exam ined  f o l l o w s .
G e n e r a t io n
L in e  number L ine  d e s i g n a t i o n  f i r s t  exam ined
200 S e l e c t e d  21
202 C o n t r o l  16
205 S e l e c t e d  21
U-05 C o n t r o l  5
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E l e c t r o p h o r e t i c  S e p a r a t i o n - P r o e e d u r e s
Time o f  sam ple  c o l l e c t i o n . Prom h a t c h i n g ,  q u a i l  w ere  
m a in t a in e d  on a  24 h o u r  c o n t r o l l e d  l i g h t i n g  s c h e d u le  o f  
16 h o u r s  o f  l i g h t  a n d  8 h o u rs  o f  d a r k n e s s .  B lood sam p le s  
w ere  draw n from  t h e  b i r d s  In  th e  m o rn ing  two h o u r s  a f t e r  
t h e  l i g h t s  w en t o n .
O b ta in in g  t h e  serum  s a m p le . A b i r d  t o  be  b l e d  was 
p o s i t i o n e d  on I t s  b a c k  w i t h  one w ing  e x te n d e d .  The b i r d  
was r e s t r a i n e d  by g e n t l e  hand p r e s s u r e .  B lood was o b t a i n e d  
by b r a c h i a l  v e n ip u n c tu r e  from  t h e  e x te n d e d  w ing and  c o l l e c t e d  
I n  n o n - h e p a r l n l z e d  h e m a t o c r i t  c a p i l l a r y  t u b e s .  The f i l l e d  
t u b e s  w ere  a l lo w e d  t o  c l o t  a t  room t e m p e r a t u r e  f o r  one h o u r .  
The serum  was s e p a r a t e d  from  t h e  c l o t t e d  b lo o d  a f t e r  c e n t r i ­
f u g a t i o n  In  a  h e m a t o c r i t  c e n t r i f u g e  f o r  f i v e  m in u t e s .  A 
m io r o s y r in g e  was u s e d  t o  m easu re  t h e  volume o f  t h e  serum  
sa m p le .
P o ly a c ry la m id e  d i s c  e l e c t r o p h o r e s i s . Twenty m l c r o l l t e r  
sa m p le s  o f  q u a i l  se rum  w ere  s e p a r a t e d  I n  a  B u c h le r  p o l y ­
a n a l y s t  d i s c  e l e c t r o p h o r e s i s  a p p a r a t u s  w i t h  a  B u c h le r  r e g u ­
l a t e d  pow er s u p p ly  (Model 3-1014A ) u s i n g  t h e  m ethod o f  
D av is  (1 9 6 4 ) .  To com pare t h e  r e s u l t s  b e tw ee n  d i f f e r e n t  
e l e c t r o p h o r e t i c  s e p a r a t i o n s ,  tw e n ty  m l o r o l l t e r s  o f  a  
p h o s p h a ta s e  c o n t r o l  s o l u t i o n  w ere  a d d e d  t o  one g e l  tu b e  I n  
e a c h  d i s c  a p p a r a t u s .  E l e c t r o p h o r e s i s  was c o n t i n u e d  u n t i l  
t h e  b ro m p h en o l b lu e  dye f r o n t  I n  t h e  c o n t r o l  g e l  had  m i­
g r a t e d  t o  t h r e e - f o u r t h s  o f  a n  In c h  from  t h e  g e l  t u b e  e n d .
13
F o l lo w in g  e l e o t r o p h o r e s l s ,  t h e  g e l s  c o n t a i n i n g  t h e  s e p a r a t e d  
p r o t e i n s  w ere  t h e n  s t a i n e d  f o r  a l k a l i n e  p h o s p h a t a s e .  I n ­
c r e a s e d  r e s o l u t i o n  o f  t h e  a l k a l i n e  p h o s p h a t a s e s  was accom ­
p l i s h e d  by s u b s t i t u t i n g  a  d i s c o n t i n u o u s  b u f f e r  sy s te m , 
T r l s - g l y c l n e  a n d  T r i s - H C l  ( B u c h le r  I n s t r u m e n t s ,  1 9 6 6 ) ,  f o r  
t h e  c o n t i n u o u s  b u f f e r  s y s te m ,  T r l s - g l y c l n e  (D a v is ,  19 6*0 .
The d e t a i l e d  p r o c e d u r e  f o r  t h e  p o ly a c r y la m id e  d i s c  e l e c t r o ­
p h o r e s i s  p r o c e d u r e  u se d  i n  t h i s  r e s e a r o h  i s  d e s c r i b e d  i n  
t h e  A p p en d ix .
A l k a l i n e  p h o s p h a ta s e  s t a i n i n g  t e c h n i q u e . D e t e c t i o n  o f  
e l e c t r o p h o r e s e d  a l k a l i n e  p h o s p h a t a s e s  i n  p o ly a c r y la m id e  d i s c  
g e l s  was a c h i e v e d  u s i n g  a  s im u l t a n e o u s  a zo  dye c o u p l in g  
r e a c t i o n .  The d i s c  g e l s  w ere  p l a c e d  in  t u b e s  t o  w hich  a  
s o l u t i o n  c o n t a i n i n g  sodium  a l p h a - n a p h t h y l  a c i d  p h o s p h a te  
and  F a s t  Red TR ( C . I .  No. 37085) was a d d e d .  The t u b e s  w ere  
t h e n  p l a c e d  I n  a  w a te r  b a t h  a t  k l  d e g r e e s  C. Red-brown 
c o l o r e d  b a n d s  form ed on t h e  g e l s  w here  t h e  p h o s p h a ta s e s  
w ere  l o c a t e d .  The s t a i n i n g  p r o c e d u r e  I s  d e s c r i b e d  i n  t h e  
A p p en d ix .
D e s i g n a t i o n  o f  Isozym e n u m b er . A s t o p p e r e d  g l a s s  tu b e  
c o n t a i n i n g  a  s t a i n e d  p o ly a c r y la m id e  d i s c  g e l  was p o s i t i o n e d  
a d j a o e n t  t o  a  6 m i l l i m e t e r  s c a l e  (m ounted  on a  f l u o r e s c e n t  
l i g h t ) ,  so  t h a t  t h e  g e l  I n t e r f a c e  o f  t h e  s t a c k i n g  and  
s e p a r a t i n g  g e l s  was o p p o s i t e  t h e  z e r o  m i l l i m e t e r  m ark  o n  
t h e  s c a l e .  Two m eth o d s  o f  d e s i g n a t i n g  Isozym e num bers 
w ere  u s e d .  The f i r s t  m ethod  c o n s i s t e d  o f  i d e n t i f y i n g  t h e
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Isozym es o r  b ands by t h e  l e t t e r s  AkP a n d  t h e  m i l l i m e t e r  
m a rk in g s  t h a t  bounded  t h e  b a n d s ;  f o r  e x am p le ,  a  ban d  l o c a t e d  
b e tw ee n  4 a n d  5 m i l l i m e t e r s  f rom  t h e  o r i g i n  was d e s i g n a t e d  
AkP-4-5 o r  b e tw ee n  16 and  1? m i l l i m e t e r s  a s  A k P - l6? .
The se c o n d  m ethod o f  d e s i g n a t i n g  isozym e b a n d s  was w i th  
t h e  l e t t e r s  AkP a n d  d e s i g n a t i n g  th e  f a s t e s t  m i g r a t i n g  a n o d a l  
Isozym e a s  1 , t h e  n e x t  f a s t e s t  a s  2 , t h e  num bers i n c r e a s i n g  
I n  a  c a t h o d a l  d i r e c t i o n  t o  t h e  s lo w e s t  isozym e (B rew er ,  1 9 7 0 ) .  
I f  two s u c h  Isozym es w ere g e n e t i c a l l y  r e l a t e d ,  su c h  t h a t  
one isozym e was a b s e n t  i n  t h e  p r e s e n c e  o f  t h e  o t h e r ,  th e  
two iso z y m e s  were g i v e n  t h e  same n u m e r i c a l  d e s i g n a t i o n  b u t  
w i t h  d i f f e r e n t  s u p e r s c r i p t  l e t t e r s  su c h  a s  P ( f a s t )  o r  S 
( s l o w ) .
A l l  t h e  d a t a  I n  t h i s  t h e s i s  co n fo rm s t o  t h e  seoond  
n u m b erin g  sy s te m ; f o r  exam ple  AkP-45 was chang ed  t o  AkP-7» 
A kP -l67  t o  A kP-1, e t c .  The d i f f e r e n t  q u a i l  serum p h o s p h a ta s e  
Isozym es o b s e r v e d  I n  21 -d a y  o l d  q u a i l ,  t o g e t h e r  w i t h  t h e  
a s s i g n e d  Isozym e n u m b ers ,  a r e  g iv e n  I n  F ig u r e  1 .
f i g u r e  1 .  O b serv ed  serum  a l k a l i n e  p h o s p h a ta s e  zymograms 
o f  2 1 -d a y  o l d  m ale  and  fe m a le  J a p a n e s e  q u a i l .  The 
m i l l i m e t e r  s c a l e  on t h e  l e f t  s i d e  o f  th e  c h a r t  shows 
t h e  d i s t a n c e  from  t h e  o r i g i n  ( 0 ) t h a t  e ac h  isozym e 
m i g r a t e d .  The r i g h t  s i d e  o f  t h e  c h a r t  show s t h e  p h o s ­
p h a t a s e  isozym e n u m b ers .
GELS
MILLIMETERS FROM THE ORIGIN
PHOSPHATASE ISOZYME NUMBER
RESULTS AND D ISC U SSIO N
E l e c t r o p h o r e s i s  o f  Q u a i l  Serum A l k a l i n e  P h o s p h a ta s e s
H o r i z o n t a l  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  was 
o r i g i n a l l y  e v a l u a t e d  f o r  t h e  d e t e c t i o n  o f  q u a i l  serum  a l k a ­
l i n e  p h o s p h a ta s e  u s i n g  a  p r o c e d u r e  a n d  a p p a r a t u s  d e s c r i b e d  
by  Raymond and  Wang ( i 9 6 0 ) .  T hree  m i l l i m e t e r  t h i c k  p o ly ­
a c r y l a m i d e  g e l s  h a v in g  c o n c e n t r a t i o n s  o f  5 an d  7 p e r c e n t  
w ere  u s e d .  The g e l s  w ere  p r e p a r e d  a n d  e l e o t r o p h o r e s e d  u s i n g  
a  0.1M T r i s - G l y c i n e  b u f f e r  ( B i e r ,  1 9 6 7 ) .  A l k a l i n e  p h o s p h a ta s e  
s t a i n i n g  m ethods c o n s i s t e d  o f  a  l e a d  c o n v e r s i o n  m ethod 
(E . C, T e c h n ic a l  B u l l e t i n  1 ^ 6) and a  s im u l t a n e o u s  a z o  dye 
c o u p l i n g  r e a c t i o n  o f  P a s t  B lue  RR (C. I .  No. 3 7 1 5 5 ) -so d iu m  
a l p h a - n a p h t h y l  a c i d  p h o s p h a te  (L aw rence  e t  a l . , i 9 6 0 ) .  N e i t h e r  
s t a i n i n g  m ethod r e v e a l e d  t h e  p r e s e n c e  o f  a l k a l i n e  p h o s p h a ta s e  
I n  e l e o t r o p h o r e s e d  q u a i l  se ru m .
S in c e  h o r i z o n t a l  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  was 
u n s a t i s f a c t o r y  f o r  t h e  s e p a r a t i o n  o f  q u a i l  serum  a l k a l i n e  
p h o s p h a t a s e s ,  a  d i s c  g e l  e l e o t r o p h o r e s i s  t e c h n i q u e  was e x ­
a m in e d .  T h is  t e c h n iq u e  s e p a r a t e d  p h o s p h a ta s e  Iso zy m es  i n  t h e  
f i r s t  e x p e r i m e n t a l  s e p a r a t i o n  a t t e m p t e d .  T h e r e f o r e ,  d i s c  
e l e c t r o p h o r e s i s  was u se d  t o  s e p a r a t e  t h e  p h o s p h a ta s e  i s o z y m e s .
A m ethod f o r  t h e  d e t e c t i o n  o f  a l k a l i n e  p h o s p h a ta s e s  i n  
e l e o t r o p h o r e s e d  d i s c  g e l s  was s e l e o t e d  by  oom parln g  3 s im u l ­
t a n e o u s  a z o  dye c o u p l in g  r e a c t i o n s ,  a n d  a n  l n d ig o g e n i c  p h o s ­
p h a te  r e a c t i o n  ( E p s t e i n  e t  a j . . , 1 9 6 7 ) .  The d ia z o n iu m  r e a g e n t s
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com pared  w ere  F a s t  Red TR, F a s t  B lue  RR a n d  N u c le a r  F a s t  Red 
S a l t  (B ak er  e t  a l . ,  1 9 6 6 ) .  Each dye c o u p l in g  r e a c t i o n  u se d  
sodium  a l p h a - n a p h t h y l  a c i d  p h o s p h a te  a s  t h e  s u b s t r a t e .  F a s t  
Red TR and F a s t  B lue RR w ere  s u i t a b l e  f o r  t h e  d e t e c t i o n  o f  
a l k a l i n e  p h o s p h a t a s e s ,  w h e re a s  N u c le a r  F a s t  Red S a l t  a n d  t h e  
i n d ig o g e n l c  p h o s p h a te  w ere  n o t  (S avage  e t. a j l , , 1 9 7 2 ) .
F a s t  Red TR was u se d  i n  t h i s  r e s e a r c h  b e c a u s e  t h e  r e d -b ro w n  
c o lo r e d  b an d s  w ere  e a s i l y  l o c a t e d  i n  t h e  o th e r w i s e  t r a n s ­
p a r e n t  g e l s .
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I n f l u e n c e  o f  Age, Sex and  Egg P r o d u c t io n  o n  SAP Zymograms
M a rk e r t  a n d  H o l l e r  (1959 )  i n v e s t i g a t e d  q u a l i t a t i v e  
v a r i a t i o n s  o f  l a c t a t e  d e h y d ro g e n a s e  (LDH) iso z y m e s  d u r i n g  
o n t o g e n ic  d e v e lo p m e n t  o f  v a r i o u s  mouse t i s s u e s  an d  showed 
t h a t  t h e  v a r i o u s  fo rm s o f  LDH v a r i e d  i n  num ber from t i s s u e  
t o  t i s s u e  a s  a  f u n o t i o n  o f  t e m p o r a l  g e n e s .  When t h e  r e s e a r c h  
i n v o l v i n g  t h e  e l e c t r o p h o r e t i c  s e p a r a t i o n  o f  serum  a l k a l i n e  
p h o s p h a ta s e  (SAP) i n  J a p a n e s e  q u a i l  was b e g u n ,  t h e  isozym e 
p a t t e r n  o f  a l k a l i n e  p h o s p h a ta s e  i n  q u a i l  was unknown. The 
most r e l e v a n t  s t u d i e s  o f  v a r i a t i o n  I n  SAP w ere  t h o s e  o f  Common 
(1 9 3 6 ) ,  a n d  Tanabe a n d  W ilcox ( i 9 6 0 ) i n  c h i c k e n s  i n  w h ic h  e a c h  
r e p o r t e d  t h a t  t h e  serum  p h o s p h a ta s e  l e v e l  I n c r e a s e d  i n  c h ic k e n s  
from  h a t c h i n g  t o  day  1 2 , a t  w hioh  t im e  i t  b e g a n  t o  d e c r e a s e .
I n  m a le s  t h e  p h o s p h a ta s e  l e v e l  d e c r e a s e d  s t e a d i l y  from  day  12 
t o  s e x u a l  m a t u r i t y .  In  f e m a le s ,  h o w ever ,  t h e  p h o s p h a ta s e  
l e v e l  d ro p p e d  g r a d u a l l y  from  day  12 t o  s e x u a l  m a t u r i t y  a t  
w h ich  t im e  i t  i n c r e a s e d  a g a i n .  T h e r e f o r e ,  i t  seemed a p p r o ­
p r i a t e  t o  s t u d y  t h e  I n f l u e n c e  o f  a g e  on serum  a l k a l i n e  p h o s ­
p h a t a s e  Iso zy m es i n  J a p a n e s e  q u a i l .  The r e s u l t s  o f  t h i s  r e ­
s e a r c h  have  b e e n  r e p o r t e d  (S av ag e  e t  a l . , 1 9 7 0 a )  b u t  w i l l  be  
d i s c u s s e d  b r i e f l y  h e r e .
S i x t y - f i v e  o f f s p r i n g  o f  L in e  20 2 , g e n e r a t i o n  17 p a r e n t s  
w ere  u se d  i n  t h e  s t u d y .  The b i r d s  w ere  d i v i d e d  i n t o  t h r e e  
a g e  g ro u p s  a n d  t h e  serum  o f  i n d i v i d u a l  q u a i l  exam ined  a t  
v a r i o u s  a g e s  from  h a t c h i n g  t o  196 d a y s  o f  a g e .  Group 1 
c o n s i s t e d  o f  9 q u a i l  s e l e o t e d  a t  random  a n d  d e s t r o y e d  a t
20
h a t c h i n g  f o r  t h e  c o l l e c t i o n  o f  serum  s a m p le s .  Group 2 
c o n s i s t e d  o f  10 m a le s  a n d  10 f e m a le s  e a c h  o f  w h ich  was 
exam ined  a t  7 .  1 ^ . a n d  21 day s  o f  a g e .  Group 3 c o n s i s t e d  
o f  19 m a le s  a n d  17 f e m a le s  w h ich  were i n d i v i d u a l l y  exam ined 
a t  2 1 ,  b 2 , 6 3 . 112, a n d  196  d a y s  o f  a g e .  I n  G roups 1 and  2 
e l e c t r o p h o r e s i s  o f  s e r a  was a c h i e v e d  u s i n g  7 p e r c e n t  s e p a r a ­
t i o n  g e l s  an d  i n  Group 3 a  12 p e r c e n t  g e l  was u s e d .
T y p ic a l  p h o s p h a ta s e  zymograms o f  b i r d s  from  G roups 1 
t h r o u g h  3» a r e  i l l u s t r a t e d  i n  F i g u r e s  2 a n d  3* Serum a l k a l i n e  
p h o s p h a ta s e  zymograms o b t a i n e d  from  serum  o f  day  o l d  q u a i l
r e v e a l e d  no  I so z y m e s .  Isozym es AkP-3 a n d  AkP-5 w ere  d e t e c t e d
i n  t h e  s e r a  o f  m a le s  s t u d i e d  from  7 t o  112 days  o f  a g e .  In  
a n y  g iv e n  m a le ,  isozym e AkP-5 t e n d e d  t o  become l e s s  I n t e n s e  
w i t h  i n c r e a s e d  a g e .  At 112 d a y s  AkP-5 s t a i n e d  v e r y  l i g h t l y  
o r  was u n d e t e c t a b l e .  The 196 day  zymograms o f  m a le s  c o n s i s t e d  
o f  o n ly  A kP-3 .
Fem ale zymograms w ere  s i m i l a r  t o  t h o s e  o f  m a le s  f o r  t h e  
f i r s t  21 d a y s  o f  a g e .  F o u r te e n  o f  t h e  17 f e m a le s  i n  Group 3
w ere  exam ined  a t  ^2 d a y s  and  a t  t h a t  t im e  8 f e m a le s  had
begu n  t o  l a y .  I n  t h e  zymograms o f  t h e s e  l a y i n g  q u a i l ,  AkP-5 
was a b s e n t .  T hese  f e m a le s ,  h o w ev er ,  d i s p l a y e d  e i t h e r  a  new 
f a s t e r  m oving band o r  AkP-5 w i t h  i n c r e a s e d  m o b i l i t y .  T h is  
a l t e r e d  zymogram was d e s i g n a t e d  a s  Type 2 .  The zymogram 
o f  t h e  n o n - l a y i n g  f e m a le s  a t  t h i s  age  was d e s i g n a t e d  Type 1 .  
The m o b i l i t y  o f  AkP-3 was un ch an g ed  i n  e i t h e r  t h e  Type 1 o r  
Type 2 fe m a le  zymogram. At 63 d a y s  a l l  17 f e m a le s  w ere  l a y i n g
F ig u re  2 .  Male serum  a l k a l i n e  p h o s p h a ta s e  zymograms 
a t  h a t c h i n g  a n d  a t  1 , 2 , 3 , 6 , 9 * 1 6 , a n d  28 w eeks o f  
a g e .
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F ig u r e  3 .  Female serum  a l k a l i n e  p h o s p h a ta s e  zymograms 
a t  h a t c h i n g  a n d  a t  1 , 2 , 3 ,  6 , 9 » 1 6 , a n d  28  w eeks o f  
















and a l l  had Type 2 zymograms. Type 2 zymogram was a l s o  
o b s e r v e d  i n  l a y i n g  f e m a le s  exam ined  a t  112 and 196  d a y s .  
Zymograms o f  t h r e e  n o n - l a y i n g  f e m a le s  w ere  s i m i l a r  t o  t h o s e  
o f  m a le s  a t  196  d a y s .  The r e l a t i o n s h i p  b e tw een  t h e  o n s e t  o f  
eg g  p r o d u c t io n  and th e  ch an ge  i n  t h e  p h o s p h a ta s e  zymogram 
h a s  b een  r e p o r t e d  i n  d e t a i l  (S a v a g e  et, a l . , 1 9 7 0 b ) .
These f i n d i n g s  on t h e  i n f l u e n c e  o f  a g e  and s e x  on  
SAP zymograms p a r a l l e l e d  t h e  r e s u l t s  o f  Tanabe and W ilcox  
(1 9 6 0 )  who o b s e r v e d  h lg h e i ’ p h o sp h a ta se  l e v e l s  i n  l a y i n g  
c h ic k e n s  th a n  in  m a le s  and n o n - l a y i n g  f e m a l e s .  The c h a n g es  
o b s e r v e d  in  t h e  p h o s p h a ta s e  zymograms i n  b o th  m a le s  and f e ­
m a le s  w ere r e s t r i c t e d  t o  Isozym e A k P -5 . The f a s t e r  m ig r a t in g  
i so z y m e ,  AkP-3 had b een  d e t e c t e d  in  t h e  s e r a  o f  a l l  o f  more 
th a n  350 q u a i l  s t u d i e d  t h u s  f a r .  T h is  f i n d i n g  was s i m i l a r  
t o  t h a t  o f  Beckman a t  a l . ,  (19&6) t h a t  th e  serum  o f  norm al  
humans c o n s i s t e n t l y  c o n t a in e d  one f a s t  m ig r a t in g  p h o sp h a ta se  
i s o z y m e .  Brewer (1 9 7 0 )  term ed  a n  iso z y m e  common t o  a l l  mem­
b e r s  o f  a p o p u l a t i o n  a c o n s ta z y m e . T h e r e f o r e ,  AkP-3 may be 
c o n s id e r e d  a  co n sta zy m e  o f  q u a i l  serum a l k a l i n e  p h o s p h a t a s e .
In  c o n t r a s t  t o  A kP-3, t h e  v a r i a t i o n  i n  AkP-5 was i n f l u ­
en ced  by p h y s i o l o g i c a l  f a c t o r s  i n  b o th  m a le s  and f e m a l e s .
S in c e  th e  iso z y m e  was p r e s e n t  i n  o n ly  o n e - h a l f  o f  t h e  m a le s  
exam ined  a t  112 d a y s ,  was o n l y  l i g h t l y  s t a i n e d ,  and was a b s e n t  
from a l l  m a le s  a t  196  d a y s ,  a g e  a p p a r e n t ly  d i c t a t e d  w h e th e r  
AkP-5 was o r  was n o t  p r e s e n t .  P erh a p s  t h e  g e n e  u n d e r ly in g  
t h i s  Isozym e was tu r n e d  o f f  i n  m a le s  by 112 - d a y s  o f  a g e .
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M ales a t t a i n  a p p r o x im a te ly  90  p e r c e n t  o f  m ature body w e ig h t  
by 8-w eelts  o f  a g e  (W ilso n ,  a t  a l , , 1 9 6 1 ) .  I f  AkP-5 was 
u t i l i z e d  In  th e  e a r l y  grow th p r o c e s s  th e  re q u ir e m e n t  f o r  
t h i s  isozym e may have d im in is h e d  b etw een  8 and 16 weeks o f  
a g e  such  t h a t  by 16 weeks (112 d a y s )  th e  gen e  had tu r n e d  o f f .  
An a l t e r n a t e  p o s s i b i l i t y  may be t h a t  m a le s  a lw a y s  r e q u ir e d  
some AkP-5 b u t t h e  a c t i v i t y  o f  th e  gene  u n d e r ly in g  AkP-5 was 
a t t e n u a t e d  such  t h a t  serum l e v e l s  were t o o  low f o r  d e t e c t i o n  
w ith  d i s c  e l e c t r o p h o r e s i s .  In  f e m a le s ,  AkP-5 may be u t i l i z e d  
f o r  grow th  up t o  s e x u a l  m a t u r i t y .  At t h a t  t im e  th e  n a tu r e  
o f  th e  iso zy m e  becom es changed , a s  i n d i c a t e d  by t h e  new 
e l e c t r o p h o r e t i c  m o b i l i t y ,  o r  a new isozym e a p p e a r s  w hich  
f u n c t i o n s  i n  b o th  grow th  and eg g  p r o d u c t io n .  The ab ru p t  
d is a p p e a r a n c e ,  o r  changed m ig r a t io n  r a t e ,  o f  AkP-5 i n  f e m a le s  
w ith  o n s e t  o f  l a y i n g  may be th e  r e s u l t  o f  horm onal ch a n g es  
a s s o c i a t e d  w ith  eg g  fo r m a t io n  and l a y i n g .
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V a r i a t i o n  I n  S t a i n  I n t e n s i t y  o f  AkP-5
A bsence  o f  a  g e n e t i c  I n f l u e n c e . Q u a i l  se rum  p h o s p h a ta s e  
zymograms a t  2 1 -d a y s  o f  a g e  showed c o n s i d e r a b l e  v a r i a t i o n  
I n  t h e  s t a i n  I n t e n s i t y  o f  A kP-5 . The q u e s t i o n  a r o s e  w h e th e r  
o r  n o t  t h i s  v a r i a t i o n  was g e n e t i c a l l y  c o n t r o l l e d .
P e t r a s  (1 9 ^ 3 )  s t u d i e d  t h e  I n h e r i t a n c e  o f  a  f a s t  m i g r a t i n g  
a n o d a l  serum  e s t e r a s e  In  m ice d e s i g n a t e d  E s - 2 .  The e l e c t r o ­
p h o r e t i c  m o b i l i t y  o f  t h i s  e s t e r a s e  was u n i fo rm  I n  t h e  serum  
zymograms o f  a g iv e n  m ouse, b u t  t h e  I n t e n s i t y  o f  e s t e r a s e  
s t a i n e d  b a n d s  v a r i e d  from  mouse t o  mouse. They c l a s s i f i e d  
t h i s  v a r i a t i o n  i n t o  t h r e e  p h e n o ty p e s s  d a r k ,  l i g h t  and  no 
b a n d .  T hrough a p p r o p r i a t e  m a t in g s ,  t h e y  showed t h a t  e s t e r a s e - 2
was c o n t r o l l e d  by a u to s o m a l  g e n e s  a t  a  s i n g l e  l o c u s  w i th
A Btwo a l l e l e s .  They d e s i g n a t e d  t h e  a l l e l e s  E s-2  an d  E s-2  .
A
One a l l e l e ,  E s-2  , was i n c o m p l e t e l y  dom inan t t o  t h e  o t h e r .
A AT h e r e f o r e ,  a  mouse w i th  t h e  g e n o ty p e  Es-2 / E s - 2  had  a  d a r k
A / Be s t e r a s e  b a n d ,  one w i th  t h e  g e n o ty p e  E s-2  / E s - 2  a  l i g h t  b an d
B B
an d  one w i t h  t h e  g e n o ty p e  E s-2  / E s - 2  , no b a n d .
The v a r i a t i o n  In  t h e  s t a i n  I n t e n s i t y  o f  AkP-5 in  
I n d i v i d u a l  q u a i l  s e r a  was s t u d i e d  b y  c l a s s i f y i n g  each  zymogram 
I n t o  one o f  t h r e e  a r b i t r a r y  c a t e g o r i e s ;  d a r k ,  medium o r  v e r y  
l i g h t .  The a s s u m p t io n  was made t h a t  t h e  o b s e r v e d  v a r i a t i o n  
was due t o  two a u to s o m a l  a l l e l e s  a t  a  s i n g l e  l o c u s ,  one b e in g  
I n c o m p l e t e ly  d o m in an t  t o  t h e  o t h e r .  On t h i s  b a s i s ,  i n d i v i ­
d u a l s  h a v in g  a  d a r k  b a n d  s h o u ld  be  homozygous f o r  an  a l l e l e
A
a r b i t r a r i l y  d e s i g n a t e d  AkP-5 . A m a t in g  o f  two su ch
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I n d i v i d u a l s  s h o u ld  p ro d u c e  p ro g e n y  a l l  p o s s e s s i n g  d a r k  b a n d s .  
B i r d s  w i th  a  medium s t a i n e d  AkP-5 w ould be h e te r o z y g o u s  a n d
A
c a r r y  one AkP-5 a l l e l e  and  a n o t h e r  a l l e l e  d e s i g n a t e d  a s
JJ
AkP-5 • The p ro g e n y  o f  a  m a t in g  o f  two su c h  b i r d s  s h o u ld  
s e g r e g a t e  i n  a  r a t i o  o f  1 - d a r k  t o  2 -medlum t o  1 - v e r y  l i g h t .  
B i r d s  w i t h  a  v e r y  l i g h t l y  s t a i n e d  AkP-5 w ould  b e  hom ozygous,
TJ B
AkP-5 /A k P -5  • and  t h e  AkP-5 b and  i n  t h e i r  p ro g e n y  c o n s i s t a n t l y  
w ould  be  v e r y  l i g h t .
To e v a l u a t e  t h e  a s s u m p t io n  o f  two a l l e l e s ,  one incom ­
p l e t e l y  d o m in a n t  a t  one l o c u s ,  p o s i t i v e  a s s o r t a t i v e  m a t in g  
was f o l lo w e d .  W ith in  e a c h  o f  t h e  t h r e e  p h e n o ty p e s  d e s c r i b e d ,
2 s i n g l e  p a i r  m a t in g s  w ere  u se d  (T a b le  1 ) .  E ig h ty  o f f s p r i n g  
from  f i v e  f e r t i l e  m a t in g s  w ere  o b t a i n e d  from  f i v e  w eek ly  
h a t c h e s .  (M a tin g  2 was i n f e r t i l e  a n d  was n o t  r e p l a c e d ) .  A 
s i n g l e  se rum  sam ple  was draw n from  e a c h  o f  n i n e t e e n  b i r d s  
I n  h a t c h  1 .  I n  h a t c h e s  2 t h r o u g h  5* serum  sa m p le s  were draw n 
i n  d u p l i c a t e  an d  b o th  e l e o t r o p h o r e s e d  on th e  d ay  c o l l e c t e d .  
T a b le  1 sum m arizes  t h e  p ro g en y  s e r a  exam ined  a t  21 d a y s .  The 
c r u c i a l  m a t in g s  f o r  d e t e r m i n a t i o n  o f  t h e  g e n o ty p e s  were 
1 , 5 , an d  6 . In  m a t in g  1 th e  e x p e c t a t i o n  was t h a t  AkP-5 in  
a l l  o f f s p r i n g  would be  a  d a r k  b and  and  I n  m a t in g s  5 and  6 
t h a t  AkP-5 i n  a l l  o f f s p r i n g  w ould  be  a  v e ry  l i g h t  b a n d .
E ig h t  o f  19 p ro g en y  from  m a t in g  1 ,  a n d  18 o f  31 p ro g e n y  f ro m  
m a t in g s  5 a n d  6 , a p p r o x im a te ly  o n e - h a l f  from  e a c h ,  had  
AkP-5 iso z y m e s  w hich  s t a i n e d  a s  p r e d i c t e d .  N in e te e n  o f  
t h e  61  d u p l i c a t e  sa m p le s  e l e o t r o p h o r e s e d  showed a  l a c k  o f
29
TABLE 1 .  D i s t r i b u t i o n  o f  o f f s p r i n g  p h e n o ty p e s  f o r  
s t a i n i n g  I n t e n s i t y  o f  A kP -5 , a c c o r d i n g  t o  




I n t e n s i t y  o f  A k P -5
O b se rv e d
No. Male Female Typea
C h icks
S tu d ie d D M VL D M
1 2344 2320 D x D 19 8 3 8 19
2 2315 2330 D x D
3 2322 2326 M x M 14 2 7 5 3*5 7
4 2341 2333 M x M 16 3 1 12 00
5 2331 2358 VL x VL 11 1 6 4
6 2343 2349 VL X VL 20 1 5 14






T o t a l 80
D = D ark  s t a i n e d  p h e n o ty p e  
M = Medium s t a i n e d  p h e n o ty p e  
VL ss V ery  l i g h t l y  s t a i n e d  p h e n o ty p e
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c o n s i s t e n t  r e s u l t s  b e tw een  d u p l i c a t e  s a m p le s .  P o r  b i r d  
#260?» f o r  ex am p le ,  two serum  sa m p le s  w ere  c o l l e c t e d  and  
e l e o t r o p h o r e s e d  t h e  same d a y .  In  t h e  f i r s t  sam p le  AkP-3 a n d  
- 5  w ere  d a r k .  I n  t h e  se c o n d  sa m p le ,  AkP-3 was l i g h t  a n d  AkP-5 
s t a i n e d  v e r y  l i g h t l y .  The o b s e r v e d  v a r i a t i o n  I n  s t a i n  i n t e n ­
s i t y  o f  AkP-3 was m in im a l  com pared  t o  t h a t  o f  A kP -5• T here  
was no  a p p a r e n t  r e l a t i o n s h i p  be tw een  s t a i n  i n t e n s i t y  a n d  s e x .
The c o n c l u s i o n  from  t h e  above  r e s u l t s  was t h a t  t h e  
v a r i a t i o n  i n  s t a i n  i n t e n s i t y  o f  AkP-5 was n o t  u n d e r  g e n e t i c  
c o n t r o l .
E f f e c t  o f  t im e  b e tw een  f e e d i n g  a n d  s a m p lin g  on s t a i n  
I n t e n s i t y . I t  seem ed p r o b a b l e  t h a t  s t a i n i n g  i n t e n s i t y  o f  
AkP-5 m ig h t  be r e l a t e d  t o  t h e  l e n g t h  o f  t im e  t h a t  f e e d  was 
w i t h h e l d  from b i r d s  p r i o r  t o  c o l l e c t i o n  o f  t h e  b lo o d  sa m p le .  
A p p ro x im a te ly  t w e lv e  q u a i l  21  d a y s  o f  a g e  w ere  f a s t e d  f o r  
1^ h o u r s  p r i o r  t o  c o l l e c t i o n  o f  b lo o d  sa m p le s  an d  s u b s e q u e n t  
e l e c t r o p h o r e s i s .  Serum zymograms from  t h e s e  f a s t e d  b i r d s  
gave p h o s p h a t a s e s  t h a t  s t a i n e d  v e ry  l i g h t l y ,  p a r t i c u l a r l y  
t h e  AkP-5 iso z y m e , i f  d e t e c t a b l e  a t  a l l .  The f o l l o w i n g  d a y ,  
t h e s e  same tw e lv e  b i r d s  w ere  a l lo w e d  c o n t i n u o u s  a c c e s s  t o  
f e e d  d u r i n g  t h e  c o r r e s p o n d i n g  1^ h o u r  p e r i o d  p r i o r  t o  b l e e d i n g .  
Both AkP-3 and  AkP-5 I n  t h e  zymograms s t a i n e d  d a r k .
S u b s t a n t i a t i n g  t h e s e  f i n d i n g s  t h a t  f e e d i n g  a f f e c t e d  
th e  s t a i n i n g  i n t e n s i t y  o f  t h e  q u a i l  p h o s p h a ta s e  zymogram,
Bide a n d  Dorwood (1970) h ave  d e s c r i b e d  t h e  e f f e c t s  o f  
s t a r v a t i o n  on t h e  p lasm a a l k a l i n e  p h o s p h a ta s e  l e v e l s  i n
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c h ic k e n s .  A ^8 p e r c e n t  d e c r e a s e  In  fo w l  p lasm a p h o s p h a ta s e  
o c c u r r e d  d u r in g  t h e  f i r s t  Zh h o u r s  o f  s t a r v a t i o n .  F u r t h e r ­
m ore, two h o u rs  a f t e r  f e e d i n g ,  p la sm a  p h o s p h a ta s e  l e v e l s  In  
t h e s e  same b i r d s  r o s e  28 p e r c e n t  above  t h e  n o rm a l ,  p r e ­
s t a r v a t i o n  l e v e l s .  One p a r t i c u l a r  e x p e r i m e n t a l  c o n d i t i o n  
was fo u n d  t o  I n f l u e n c e  th e  I n t e n s i t y  o f  s t a i n e d  a l k a l i n e  
p h o s p h a ta s e  I so z y m e s .  Bamford e t  a l .  (1 9 6 5 )  d i l u t e d  human 
serum p r i o r  t o  s t a r c h - g e l  e l e c t r o p h o r e s i s  and  n o te d  a  d e c r e a s e  
I n  t h e  s t a i n i n g  i n t e n s i t y  o f  t h e  iso zy m es d e t e c t e d .
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P h o s p h a ta se  Isozym e AkP-4
Thus f a r  i n  t h i s  I n v e s t i g a t i o n ,  zymograms u s u a l l y  con­
t a i n e d  two iso zym es w hich  have b e e n  d e s i g n a t e d  a s  AkP-3 and 
AkP-5. At 2 1 -d a y s  t h e  s e r a  o f  some o f  t h e s e  b i r d s  c o n ta in e d  
an  a d d i t i o n a l  isozym e h a v in g  an  e l e c t r o p h o r e t i c  m o b i l i t y  
a p p ro x im a te ly  midway be tw een  t h a t  o f  AkP-3 and AkP-5. T n is  
p h o s p h a ta s e ,  d e s i g n a t e d  AkP-^, d e m o n s t r a te d  u n iq u e  b e h a v io r  
c o n t r a s t e d  t o  isozym es -3  and  - 5 .  Of two serum  sa m p le s  c o l ­
l e c t e d  c o n s e c u t i v e l y  from m ale #2 6 5 6 , e l e o t r o p h o r e s e d  a t  th e  
same t im e  and s t a i n e d ,  th e  AkP-^ isozyme a p p e a re d  i n  t h e  f i r s t  
b u t  n o t  i n  th e  second  serum sa m p le .  Female #2610 gave  r e v e r s e  
r e s u l t s  s in c e  AkP-^ was d e t e c t e d  i n  th e  se co n d  serum sam ple 
b u t  n o t  in  th e  f i r s t .  F u r th e rm o re ,  upon e l e c t r o p h o r e s i s ,  
th e  serum  o f  a n o t h e r  f e m a le ,  #26^1 , c o n ta in e d  AkP-4. In  a  
serum sam ple drawn from  h e r  2 d ay s  l a t e r  t h e  Isozyme was n o t  
d e t e c t e d .  T hese  o b s e r v a t i o n s  s u g g e s te d  t h a t  t h e  c a u s e  o f  t h e  
i n c o n s i s t e n t  a p p e a ra n c e  o f  AkP-4 In  t h e  serum  was e n v i r o n ­
m e n ta l  i n  o r i g i n  o r  t h e  r e s u l t  o f  t e c h n iq u e .
The v a r i a t i o n  i n  AkP-^t was s t u d i e d  f u r t h e r  t o  a t t e m p t  
t o  e x c lu d e  g e n e t i c s  a s  a  c o n t r i b u t i n g  f a c t o r .  E ig h t  p a i r  
m a t in g s  were c o n s t r u c t e d  o f  a d u l t  q u a i l  e a c h  o f  w h ich  had 
d i s p l a y e d  th e  Isozym e a t  2 1 - d a y s .  Because  o f  t h e  i n f r e q u e n t  
o c c u r r e n c e  o f  AkP-^ t h e  a s s u m p t io n  was made t h a t  m ost o f  th e  
b i r d s  exam ined were h e t e r o z y g o t e s .  When t h e  isozym e d i d  
a p p e a r  i t  was i n  g e n e t i c a l l y  homozygous r e c e s s i v e  i n d i v i d u a l s .
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T hus, t h e  r e s u l t i n g  p ro g e n y  from  t h e  e i g h t  m a t in g s  w ere  
e x p e o te d  t o  have  t h e  AkP-4 isozym e i n  t h e i r  zymograms. 
S e v e n t y - f o u r  q u a i l  p ro d u c e d  i n  5 c o n s e c u t i v e  w e e k ly  h a t c h e s  
w ere  exam ined  a t  21 d a y s .  In  h a t c h  1 , one serum  sam ple  was 
exam ined  p e r  b i r d .  In  h a t c h e s  2 t h r o u g h  5 ,  two sa m p le s  p e r  
b i r d  w ere  c o l l e c t e d  an d  exam ined  on t h e  same d a y .  E le v e n  o f  
28 b i r d s  s t u d i e d  i n  h a t c h  1 ,  (T a b le  2 ) ,  c o n t a i n e d  t h e  AkP-4 
i s o z y m e .  In  h a t c h e s  2 th r o u g h  5 ,  o n ly  2 o f  46 sa m p le s  h ad  
A kP-4 . The s t a i n i n g  i n t e n s i t i e s  o f  AkP-3 an d  AkP-5 d id  
n o t  a p p e a r  t o  be r e l a t e d  t o  e i t h e r  t h e  p r e s e n c e  o r  th e  
a b s e n c e  o f  AkP-4 i n  t h e  se rum .
B ased  upon t h e s e  r e s u l t s  i t  was o o n o lu d e d  t h a t  a l t h o u g h  
AkP-4 was u n d e r  g ene  c o n t r o l ,  t h e  p r e s e n c e  o f  t h i s  isozym e 
i n  t h e  serum  was s t r o n g l y  i n f l u e n c e d  by i n t e r n a l  ( p h y s io lo g y )  
o r  e x t e r n a l  e n v i r o n m e n t .
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TABLE 2 .  R e s u l t  o f  e x a m in in g  p ro g e n y  a t  
21 d a y s  whose p a r e n t s  had AkP-4
S am ples
No. Male Fem ale S t u d i e d
1 2169 2193 3
2 2169 2348 4
3 2322 2321 16
4 2322 2326 14
5 2335 ' 2338 10
6 2335 2244 15
7 2355 2356 5
8 2355 2360 7
Number o f
S e ra  O bserved









T o t a l 74 13 61
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A S low  V a r ia n t  o f  AkP-5
D uring  t h e  s e a r c h  f o r  a p o s s i b l e  g e n e t i c  b a s i s  f o r  
AkP-*J- and s t u d i e s  I n v o l v i n g  t h e  v a r i a t i o n  In  th e  s t a i n  
I n t e n s i t y  o f  A kP-5i an o c c a s i o n a l  21 day zymogram c o n ­
t a i n e d  In  a d d i t i o n  t o  AkP-3 a  p h o sp h a ta se  t h a t  m ig r a te d  
more s lo w ly  th a n  AkP-5. I f  a  g i v e n  zymogram c o n t a in e d  t h i s  
new Iso zy m e, i t  d id  n o t  c o n t a i n  AkP-5# (AkP-*J- was o c c a s i o n ­
a l l y  p r e s e n t  i n  s e r a  h a v in g  t h i s  s lo w e r  m oving  i s o z y m e ) .  
S in c e  t h e  new band and AkP-5 n e v e r  a p p e a r e d  i n  th e  same b ir d  
I t  was im p e r a t iv e  t h a t  t h i s  iso zy m e  be s t u d i e d  f u r t h e r .
A p a i r  m a tin g  was made o f  two q u a i l  w hose zymograms a t  
2 1 - d a y s  o f  a g e  c o n t a in e d  t h e  s lo w e r  m ig r a t in g  i s o z y m e .  A l l  
b u t one o f  1*1- o f f s p r i n g  from t h i s  m a tin g  exam ined  a t  2 1  days  
c o n t a in e d  t h i s  s lo w  iso zy m e  (T a b le  3)«  Thus, i t  a p p e a r e d  
t h a t  t h i s  new iso zy m e  was i n h e r i t e d .  S i n c e  each  o f  t h e s e  
zymograms c o n t a in e d  AkP-3 and t h i s  new p h o s p h a t a s e ,  b u t  n o t  
A kP-5. t h e  s lo w e r  m ig r a t in g  p h o sp h a ta se  was t e n t a t i v e l y  
d e s ig n a t e d  A k P - o r  AkP-5^* and th e  o r i g i n a l  AkP-5 was 
d e s ig n a t e d  A kP-5FAST o r  A kP-5P t o  d i f f e r e n t i a t e  e l e c t r o p h o r -  
e t l c a l l y  b e tw e e n  t h e s e  two p h o s p h a t a s e s  i n  l a t e r  s t u d i e s .
3 6
TABLE 3 , Number o f  o f f s p r i n g  w h ich  had 
AkP-5 a t  21 days  from  p a r e n t s  t h a t  
c o n t a in e d  t h e  isozym e a t  21 d a y s
 P h o s p h a ta s e  O b served________
M ating  Numbers p q
AkP-^ AkP-5
o f  b i r d s
Male Fem ale exam ined  Male Female Male Female
2^60 2^73 I1*- 1 8 5
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A d d i t i o n a l  p h o s p h a ta s e  Iso zy m es i n  L ine  405
Having I d e n t i f i e d  a  new p h o s p h a ta s e  s u b j e c t  t o  g e n e t i c
g
c o n t r o l ,  AkP-5 . an e l e c t r o p h o r e t i c  su rv e y  o f  a  rando m ly  
m a t in g  p o p u l a t i o n  was c o n d u c te d  t o  s e a r c h  f o r  o t h e r  e l e c t r o ­
p h o r e t i c  v a r i a n t s .  Serum p h o s p h a t a s e s  were s t u d i e d  i n  two 
s u c c e s s iv e  g e n e r a t i o n s  o f  Line 405* S e v e n ty - f o u r  g e n e r a t i o n  
5 b i r d s  were s t u d i e d  b e tw e e n  19 a n d  22 days o f  a g e .  Each 
serum  sample w a s  e l e o t r o p h o r e s e d  o n c e .  Each zymogram was 
fo u n d  t o  have from  one t o  t h r e e  i s o z y m e s .  A l l  74 zymograms 
c o n ta in e d  AkP-3 and In 8 serum sa m p le s  in  w h ich  t h e  p h o s ­
p h a t a s e  s t a i n i n g  was v e r y  l i g h t ,  t h i s  was t h e  o n ly  Isozym e
d e t e c t e d  { T a b le  4 ) .  Isozym e  AkP-4 was d e t e c t e d  i n  8 s e r a .
S
Tw elve s e ra  c o n t a i n e d  t h e  AkP-5 Isozym e an d  54 c o n t a i n e d  
P
t h e  AkP-5 . Two o th e r  i s o z y m e s ,  AkP-2 and AkP-7 w ere d e t e c t e d  
i n  I n d i v i d u a l  fem a le  zym ogram s. The isozym e AkP-2 had  b e en  
o b s e r v e d  p r i o r  t o  th e  e x a m in a t io n  o f  L ine 405» T h is  was th e  
f i r s t  o b s e r v a t i o n  o f  A k P -7 .
Sera  from  f o r t y - e i g h t ,  g e n e r a t i o n  6, q u a i l  w ere  exam ined  
on two s e p a r a t e  o c c a s i o n s .  The f i r s t  e x a m in a t io n  was made 
when th e  b i r d s  were e i t h e r  14 o r  15 d a y s  o f  a g e .  They w ere  
re e x a m in e d  b e tw e e n  19 a n d  22 days o f  a g e .  The number o f  
I s ozymes  In  a  g iv e n  q u a i l  serum v a r i e d  from 2 t o  4 .  A l l  48 
q u a i l  exam ined on bo th  o c c a s i o n s  c o n t a i n e d  AkP-3 (T a b le  4 ) ,
S i x t e e n  serum sam p les  h a d  AkP-4. N ine  sa m p le s  c o n t a i n e d
S FAkP-5 and t h e  re m a in in g  39 c o n t a i n e d  AkP-5 . AkP-1 a n d
AkP-7 were d e t e c t e d  in  5 d i f f e r e n t  serum  s a m p le s .
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TABLE Number and. s e x  o f  i n d i v i d u a l s  w i t h  d i f f e r e n t  
AkP Iso zy m es i n  L in e  ^05# g e n e r a t i o n  5 and  6
AkP-u e n e r a -
t i o n Sex 1 2 3 5 P 5 S 7
5a M Lf-2 3 36 3
F 1 32 5 18 9 1
M 29 5 2? 2 2
F 1 19 11 12 7
T o ta l M 71 8 63 5 2
F 1 1 51 16 30 16 5
a S e v e n ty - f o u r  p h o s p h a ta s e  zymograms ex am ined , 
^ F o r t y - e i g h t  p h o s p h a ta s e  zymograms ex am in ed .
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A k P - l ,  t h e  f a s t e s t  m i g r a t i n g  o f  t h e  iso zy m es  d e t e o t e d  
i n  t h i s  s u rv e y  was f i r s t  o b s e r v e d  i n  th e  se c o n d  serum  sam ple  
drawn from  one g e n e r a t i o n  6 f e m a le .  T h is  sam p le  was draw n 
6 d a y s  a f t e r  t h e  f i r s t .  T h is  isozym e was f i r s t  o b s e rv e d  i n  
a n  u n r e l a t e d  s t u d y  i n  a  serum  sam ple  from  a  m ale  hZ d ay s  
o l d .  In  sa m p le s  c o l l e c t e d  a t  21 a n d  63 d a y s ,  h o w ev er ,  t h i s  
isozym e was a b s e n t  from  t h i s  same m a l e ' s  zymogram. S in c e  
A k P -l  was o b s e rv e d  i n  one L in e  ^05 serum  sam ple  o n ly ,  t h i s  
isozym e was n o t  s t u d i e d  f u r t h e r .
P r i o r  t o  t h e  e x a m in a t io n  o f  L ine  ^ 0 5 .  p h o s p h a ta s e  AkP-2 
was o b s e r v e d  i n  t h e  s e r a  o f  t h r e e  d i f f e r e n t  f e m a le s  exam ined  
a t  21 d a y s .  In  L in e  405 one g e n e r a t i o n  5 f e m a le  was o b s e rv e d  
t o  c o n t a i n  A kP-2 . B ecause  AkP-2 was o b s e r v e d  i n  o n ly  4 b i r d s  
( f e m a le s )  exam ined  t o  d a t e ,  a  s tu d y  o f  t h i s  isozym e was n o t  
p u r s u e d  f u r t h e r .
The s lo w e s t  m i g r a t i n g  p h o s p h a ta s e  Isozym e d e t e c t e d  i n  
b o th  g e n e r a t i o n s  o f  L ine  405 s e r a  was A kP-7 . I n  5 o f  7 b i r d s  
i n  w h ich  AkP-7 was d e t e c t e d ,  th e  s e r a  had  b e e n  exam ined  once  
a t  e i t h e r  18 o r  19 day s  p r i o r  t o  a  se co n d  e x a m in a t io n  a t  21 
d a y s .  AkP-7 was d e t e c t e d  I n  t h e  zymograms a t  2 1 -d a y s  o f  a g e .
S tu d y in g  t h i s  isozym e f u r t h e r ,  f o u r  m a t in g s  o f  q u a i l  
each  o f  w h ich  h a d  AkP-7 a t  2 1 -d a y s  w ere  made. F i f t y - s e v e n  
c h ic k s  w ere  h a tc h e d  an d  19 p h o s p h a ta s e  zymograms w ere e x a m in e d .  
E le v e n  b i r d s  w ere  exam ined  once  an d  8 tw ic e  by  t h e  t im e  t h a t  
t h e  b i r d s  w ere  2 1 -d a y s  o f  a g e .  None o f  t h e  zymograms from  
t h e s e  19 b i r d s  c o n ta in e d  a n  AkP-7 iso z y m e . Thus i t  was n o t
*4-0
s t u d i e d  f u r t h e r .
I n  summary, se v e n  iso z y m e s  o f  a l k a l i n e  p h o s p h a ta s e  w ere
d e t e c t e d  i n  t h e  s u r v e y  o f  L in e  ^05* P h o s p h a ta s e  AkP-3 and  
P s
e i t h e r  AkP-5 o r  AkP-5 w ere  common t o  a l l  s e r a .  O th e r  p h o s ­
p h a t a s e s  d e t e o t e d  w ere A k P - l ,  - 2 ,  and  - 7 .
I so z y m lc  fo rm s o f  a n  enzyme may o r i g i n a t e  i n  many d i f f e r e n t  
t i s s u e s  w i t h i n  t h e  a n im a l  body a n d  th e  p r o d u c t i o n  o f  e ac h  i s o ­
zyme i s  u n d e r  g e n e t i c  c o n t r o l ;  f o r  exam p le , p h o sp h o g lu c o m u tase  
(Shaw, 1 9 6 9 ) .  Some iso z y m e s  re m a in  w i t h i n  t h e  t i s s u e  i n  w h ich  
t h e y  a r e  p ro d u c e d  su ch  a s  l a c t a t e  d e h y d ro g e n a se -X  i n  p ig e o n s  
(B lan co  a n d  Zinkham, 1 9 6 3 )* O th e r  iso zy m es  e n t e r  t h e  c i r c u ­
l a t o r y  sy s te m  and may be  fo und  i n  b o th  t i s s u e  an d  serum  su c h  
a s  t h e  l a c t a t e  d e h y d ro g e n a s e s  ( M a r k e r t ,  1 9 6 8 ) .  Beckman 
e t  a l . , (1 9 66)  d i s c u s s e d  f a c t o r s  r e s p o n s i b l e  f o r  t h e  a p p e a ra n c e  
o f  p h o s p h a ta s e  Isozym es i n  human se rum . The p r e s e n c e  o r  a b ­
se n c e  o f  i n t e s t i n a l  p h o s p h a ta s e  i n  th e  human serum , f o r  ex ­
a m p le ,  was fo un d  t o  be c o n t r o l l e d  by a  s e r i e s  o f  g e n e t i c  
f a c t o r s  two o f  w h ich  w ere t h e  ABO b lo o d  g ro u p  an d  s e c r e t o r  
l o c i .  The o c c u r r e n c e  o f  a  p h o s p h a ta s e  i n  t h e  serum  may be 
r e g u l a t e d  a t  t h e  l e v e l  o f  enzyme i n d u c t i o n ,  s e c r e t i o n  o r  by  
a n  i n t e r a c t i o n  b e tw ee n  t h e  two p r o c e s s e s .  M oreover, a l t h o u g h  
p r o d u c t i o n  o f  a n  Isozym e may be u n d e r  g e n e t i c  c o n t r o l  t h e  
p r e s e n c e  o f  t h e  Isozym e i n  t h e  t i s s u e  o r  b lo o d  i n  some i n ­
s t a n c e s ,  may be  d e t e c t e d  o n ly  i n  a  p a t h o l o g i c a l  c o n d i t i o n .
S uzuk i et_ a l . , ( 1 9 6 9 ) showed n o rm a l  human serum  c o n ta in e d  
e i t h e r  one o r  two p h o s p h a t a s e s ,  b u t  i n  v a r i o u s  p a t h o l o g i c a l
c o n d i t i o n s  5 a d d i t i o n a l  Iso zy m es w ere  d e t e c t e d .  T h e r e f o r e ,  
t h e  p r e s e n c e  I n  t h e  serum  o f  A k P - l ,  - 2 ,  - 7  a n d  a l s o  AkP-^ 
may h av e  been  d u e  t o  d e r e p r e s s i o n  o f  a  g en e  o r  g e n e s  r e s p o n ­
s i b l e  f o r  enzyme p r o d u c t i o n .  P o s s i b l y  t h e s e  p h o s p h a ta s e s  
may n o r m a l ly  b e  p r e s e n t  I n  t h e  se rum  b u t  I n  p h y s i o l o g i c a l  
q u a n t i t i e s  t h a t  c o u ld  n o t  be d e t e c t e d  u s i n g  d i s c  e l e c t r o ­
p h o r e s i s .  L a s t l y ,  I t  d o e s  n o t  seem l i k e l y  t h a t  t h e s e  l a t t e r  
i so z y m e s  w hloh w ere  fo u n d  i n  r e l a t i v e l y  low  f r e q u e n c y  were 
t h e  r e s u l t  o f  a  p a t h o l o g i c a l  o o n d l t i o n ,  s i n c e  r o u t i n e l y  
o n ly  n o rm al  a p p e a r i n g  q u a i l  w ere  u s e d  In  e l e c t r o p h o r e t i c  
s t u d i e s .
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G e n e t i c s  o f  A kP-5P a s t  and  A kP-5Slow
G e n e t i c  r e l a t i o n s h i p  b e tw e e n  A k P - 5 ^ 8^ a n d  A k P - 5 ^ ° W. An 
isozym e (AkP-5S ) w h ich  m ig r a t e d  more s lo w ly  t h a n  A kP-5F i n  
a p p r o x i m a t e ly  2 1 -d a y  o ld  q u a i l  h a s  b e e n  d e s c r i b e d  an d  some 
e v id e n c e  f o r  i t s  t r a n s m i s s i o n  from  p a r e n t s  t o  o f f s p r i n g  h a s
b e e n  p r e s e n t e d  (page  3 5 ) .  S in c e  e i t h e r  t h i s  isozym e o r
F
AkP-5 « b u t  n o t  b o th ,  were s e e n  i n  a  g iv e n  q u a i l  serum  i t  
was o f  p r im a ry  im p o r ta n c e  t o  i n v e s t i g a t e  t h e  p o s s i b l e  g e n e t i c  
r e l a t i o n s h i p  b e tw ee n  t h e  two is o z y m e s .
U sing  s t a r e h - g e l  e l e c t r o p h o r e s i s ,  Law and  Munro ( 1 9 6 5 ) 
and  W ilcox  ( 1 9 6 6 ) r e p o r t e d  t h a t  i n d i v i d u a l  c h ic k e n  s e r a  con ­
t a i n e d  e i t h e r  a  f a s t  o r  a  s lo w  m i g r a t i n g  p h o s p h a t a s e .  None 
o f  t h e  s e r a  exam ined  by th em , ho w ever, c o n t a i n e d  more th a n  
one iso z y m e . B o th  s t u d i e s  r e v e a l e d  t h a t  t h e  f a s t  p h o s p h a ta s e  
was c o m p le t e ly  dom inan t t o  t h e  slow  fo rm . In  p o ly a c r y la m id e  
g e l  e l e c t r o p h o r e s i s  o f  c h ic k e n  serum  p h o s p h a t a s e s  (Tam aki and  
T an ab e ,  1970) e a c h  serum  c o n t a i n e d  two i s o z y m e s ,  b u t  two d i f ­
f e r e n t  zymogram t y p e s  d e s i g n a t e d  F a s t  a n d  Slow w ere  o b s e r v e d ,  
The s lo w e r  o f  t h e  2 iso z y m e s  i n  t h e  F a s t  zymogram a n d  t h e
f a s t e r  o f  th e  2 iso zy m es i n  t h e  Slow zymogram m ig r a te d  a t  t h e
same r a t e  and  t h u s  was common t o  b o th  F a s t  a n d  Slow zymograms. 
The f a s t e r  o f  t h e  two F a s t  ty p e  iso z y m e s  was c o m p le t e ly  dom i­
n a n t  t o  t h e  s lo w e r  o f  t h e  two Slow ty p e  I so z y m e s .  S te v e n s  
a n d  G arza  ( 1 9 6 8 ) u s i n g  s t a r c h - g e l ,  d e t e c t e d  4 p h o s p h a t a s e s  
i n  t u r k e y  serum  w hich  t h e y  d e s i g n a t e d  1 ,  2 ,  3 t  a n d  4 w i t h  1
m i g r a t i n g  t h e  f a s t e s t  an d  4 t h e  s l o w e s t .  P h o s p h a ta s e  2 ,
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a p p a r e n t l y ,  was c o m p le te ly  d o m inan t t o  p h o s p h a ta s e  3« T hus, 
i n  e a c h  o f  t h e s e  4 s t u d i e s  i n  a v i a n  sy s te m s  t h e  f a s t e r  
m i g r a t i n g  o f  t h e  two p h o s p h a ta s e s  was d o m in a n t .
With q u a i l ,  th e  h y p o t h e s i s  e s t a b l i s h e d  and  t o  be  
t e s t e d ,  was ( l )  t h a t  t h e  isozym es AkP-51’ and  AkP-5s  w ere  
p r o d u c t s  o f  one lo c u s  b u t  o f  d i f f e r e n t  a l l e l e s ,  and (2 )  t h a t  
t h e  a l l e l e  t h a t  p ro d u ced  th<5” f a s t  b a n d ,  A kP-5» was c o m p le te ly  
d o m in an t t o  t h e  a l l e l e  t h a t  p ro d u ce d  t h e  s lo w  b and . B ased  
upon i n d i v i d u a l  2 1 -d ay  zymograms ( p h e n o t y p e s ) ,  and p e d i g r e e s ,
15  m a les  and  17 f e m a le s  were s e l e c t e d  f o r  m a t in g s  t o  t e s t  t h e  
h y p o t h e s i s .  P a i r  m a t in g s  were u se d  e x c e p t  t h a t  2 o f  t h e  15 
m a les  were eac h  m ated t o  2 f e m a le s .  To more a c c u r a t e l y  a s s e s s  
t h e  p h en o ty p e  o f  th e  p ro g e n y ,  serum  from eac h  b i r d  was drawn 
and  e l e c t r o p h o r e s e d  a t  a p p r o x im a te ly  14 and  2 1 -d ay s  o f  a g e ,  
r e s p e c t i v e l y .  The r e s u l t s  o f  t h e  e l e c t r o p h o r e t i c  s t u d y  o f  
t h e  p ro geny  o f  t h e s e  m a t in g s  a r e  g iv e n  i n  T a b le  5*
M ating  ty p e  A, i n  w hich  b o th  p a r e n t s  had  Slow p h e n o ty p e s ,  
g av e  37 Slow and  4 F a s t  o f f s p r i n g .  The F a s t  p h e n o ty p e s  
o b s e rv e d  i n  4  o f f s p r i n g  w ere  u n e x p e c te d  and a r e  b e s t  e x p la in e d  
e i t h e r  by v a r i a t i o n  i n  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  o f  t h e  
iso z y m e , an  e r r o r  i n  p e d i g r e e i n g  o f  eggs c o l l e c t e d  from  th e  
p a i r  m a t in g s ,  o r  h a v in g  i n c o r r e c t l y  i d e n t i f i e d  th e  s lo w  i s o ­
zyme a s  t h e  f a s t  iso z y m e . I n  m a t in g  ty n e  B, F a s t  m a le s  were 
m ated  to  Slow fe m a le s  and  gave  o f f s p r i n g  i n  a  r a t i o  o f  
1 F a s t  t o  1 S low . G oodness o f  f i t  was t e s t e d  by c h i - s q u a r e  
u s i n g  a  p r o b a b i l i t y  l e v e l  o f  O .0 5 . The c a l c u l a t e d  c h i - s q u a r e ,
TABLE 5* R e s u l t s  o f  v a r i o u s  t y p e s  o f  m a t in g s  o f  q u a i l  
c o n t a i n i n g  d i f f e r e n t  a l k a l i n e  
p h o s p h a ta s e - 5  iso zy m es
P heno type o f  p a r e n t I n f e r r e d  c e n o ty p e
No. o f  p ro g e n y  
by p h e n o ty p e
M ating
Type S i r e Dam S i r e Dam
No. o f  
M atings F a s t ( F) S low (S )
A Slow Slow SS SS 4 M O ) 3 7 (4 1 )
B F a s t Slow FS SS 5 3 3 (3 1 )a 3 2 (3 1 )
C F a s t F a s t FS FS 2 2 7 (2 4 .  8 ) b 6 ( 8 . 2 )
D F a s t Slow FF SS 2 2 5 (2 5 ) 0 (0 )
E F a s t F a s t FF FF 4 4 5 (4 5 ) 0 (0 )
( ) =; number o f b i r d s  e x p e c te d
a , b C a lc u la t e d  X2 = 0 .0 6  an d  0 .8 2 ,  r e s p e c t i v e l y ; t a b u l a r = 3




o.o6, was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  It was i n f e r r e d  
from t h e  r e s u l t s  o f  m a t in g  ty p e  B t h a t  t h e  s i r e s  were h e t e r o ­
zygous FS and  t h e  dams homozygous SS . F u r th e r m o r e ,  t h e  gene 
u n d e r l y i n g  t h e  f a s t  isozym e was c o m p le te ly  d o m in a n t ,  i n  
h e t e r o z y g o t e s ,  t o  i t s  r e c e s s i v e  a l l e l e  r e s p o n s i b l e  f o r  t h e  
s lo w  p h o s p h a t a s e .  In  m a t in g  ty p e  C, b o th  p a r e n t s  had F a s t  
p h e n o ty p e s  and  t h e  o f f s p r i n g  s e g r e g a t e d  i n  a  r a t i o  o f  3 F a s t  
t o  1 S low , The c a l c u l a t e d  c h i - s q u a r e  v a lu e ,  0 .8 2 ,  was n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t .  T h e r e f o r e ,  each  o f  t h e  p a r e n t s  
i n  t h e  m a t in g  ty p e  were a ssu m ed  t o  be h e te r o z y g o u s  f o r  a  gene 
( r e s p o n s i b l e  f o r  t h e  F a s t  p h o s p h a t a s e )  w hich  was c o m p le te ly  
dom inan t t o  i t s  r e c e s s i v e  a l l e l e  w h ich  when homozygous p r o ­
duced t h e  Slow p h o s p h a t a s e .  In  m a t in g  ty p e  D, s i r e s  w i th  
F a s t  p h e n o ty p e s  m ated  t o  dams w i th  Slow p h e n o ty p e s  gave  o n ly  
F a s t  p ro g e n y ,  i n d i c a t i n g  t h a t  t h e  s i r e s  were homozygous FF, 
t h e  f e m a le s  homozygous SS. M ating  t y p e  E, a  m a t in g  o f  s i r e s  
w i th  F a s t  p h e n o ty p e s  t o  dams w i th  F a s t  p h e n o ty p e s  p ro d u c e d  
o n ly  o f f s p r i n g  w i t h  F a s t  p h e n o ty p e s .  Taken t o g e t h e r  t h e
r e s u l t s  o f  t h e s e  f i v e  m a t in g  ty p e s  s t r o n g l y  I n d i c a t e  t h a t  
FAkP-5 was a l l e l i c  and  c o m p le t e ly  d o m in a n t  t o  t h e  gene r e -
g
s p o n s i b l e  f o r  t h e  s lo w  m oving p h o s p h a t a s e ,  AkP-5 .
A re AkP-3 a n d  AkP-5 p r o d u c t s  o f  t h e  same l o c u s . S e ra
from a l l  q u a i l  exam ined  t h u s  f a r  ( 1 ,0 0 0  q u a i l )  c o n t a i n e d
F S
e i t h e r  AkP-5 o r  AkP-5 , AkP-3 and  o c c a s i o n a l l y  A kP-^ .
AkP-3 showed no e l e c t r o p h o r e t i c  v a r i a t i o n .  A t t h i s  p o i n t
F St h e  q u e s t i o n  a r o s e  w h e th e r  o r  n o t  A kP -3 , AkP-5 a n d  -5
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w ere  p r o d u c t s  o f  t h e  same g e n e t i c  l o c u s .  R u s s e l l  and  
Sem eonoff (1 967 )  s t u d i e d  serum  e s t e r a s e s  i n  v o l e s  and  d e ­
v e lo p e d  c r i t e r i a  t o  d i f f e r e n t i a t e  b e tw ee n  d i f f e r e n t  I so z y m e s .  
T h e i r  sy s te m  c o n s i s t e d  o f  ( 1 )  d i f f e r e n c e s  i n  c o l o r  o f  t h e  
s t a i n e d  iso z y m e s ,  (2 )  t h e  p o s i t i o n  o f  a  band  w i t h  r e s p e c t  t o  
a n o t h e r  b a n d  n o t  show ing  e l e c t r o p h o r e t i c  v a r i a t i o n ,  a n d  (3 )  
r e s i s t a n c e  o f  t h e  isozym e t o  c h e m ic a l  i n h i b i t o r s .  E s t e r a s e  
zymograms o f  i n d i v i d u a l  v o l e s  c o n s i s t e d  o f  p u r p l e ,  r e d ,  p in k  
a n d  g re y  c o l o r e d  b a n d s .
C r i t e r i a  w ere  d e te r m in e d  w h ich  w ould  d i f f e r e n t i a t e  
p h o s p h a ta s e  iso z y m e s  o f  d i f f e r e n t  g e n e s  i n  q u a i l .  These 
w ere  (1 )  t o  o b s e rv e  p h o s p h a ta s e  c h a n g e s  i n  t h e  zymogram in  
r e s p o n s e  t o  w i t h h o ld i n g  f e e d  and  (2 )  t o  e v a l u a t e  th e  e f f e c t s  
o f  c h e m ic a l  i n h i b i t o r s .  As i n d i c a t e d  above  (page  3 0 )  t h e  
amount o f  t im e  b e tw e e n  l a s t  f e e d i n g  an d  t h e  d ra w in g  o f  t h e  
b lo o d  sam p le  had  a  p ro n o u n ce d  a f f e c t  upon AkP-5 s t a i n i n g  i n ­
t e n s i t y .  S in c e  t h e  s t a i n  i n t e n s i t y  o f  AkP-3 b an d s  d id  n o t  
change  a p p r e c i a b l y  w i t h  t h e  c h a n g e s  i n  s t a i n i n g  i n t e n s i t y  o f  
AkP-5 b a n d s  i n  t h e  same g e l s ,  a s  a  r e s u l t  o f  w i t h h o ld i n g  f e e d ,
p  g
t h i s  s u g g e s t e d  t h a t  AkP-5 a n d  - 5  w ere  o f  i n t e s t i n a l  o r i g i n .  
I f  t h e  two is o z y m e s ,  AkP-5 an d  AkP-3* w ere o f  d i s s i m i l a r  
o r i g i n  i t  seem ed q u i t e  l i k e l y  t h a t  t h e y  w ould be  c o n t r o l l e d  
b y  d i f f e r e n t  gene l o c i .
S in c e  enzymes a r e  gene  p r o d u c t s ,  i t  f o l l o w s  t h a t  enzyme 
p r o d u c t s  o f  d i f f e r e n t  g e n e s  may r e a c t  d i f f e r e n t l y  t o  a  g iv e n  
c h e m ic a l .  The a d d i t i o n  o f  a n  enzyme i n h i b i t o r  t o  a  s t a i n i n g
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s o l u t i o n  u se d  t o  d e t e c t  th e  p r e s e n c e  o f  a n  enzyme.may I n h i b i t  
t h e  s t a i n  r e a c t i o n  such  t h a t  l i t t l e  o r  no c o l o r  i s  p ro d u c e d .  
T h e r e f o r e ,  i f  AkP-5 F a s t  and  Slow w ere o f  t h e  same g e n e t i c  
o r i g i n  b u t  d i f f e r e n t  from  t h a t  o f  A kP-3» t h e  two isozym es 
s h o u ld  s t a i n  d i f f e r e n t i a l l y  w i th  r e s p e c t  t o  a  g iv e n  c h e m ic a l .  
The c h e m ic a l  i n h i b i t o r s  exam ined w ere  5iaM D- and  L -p h e n y la -  
l a n l n e ,  (F ishm an e t. a l . , 1 9 6 3 ), 0.8mM L - c y s t e i n e  (O id e ,  1 9 7 0 ) ,  
lOmM L -h o m o arg in in e  (F ishm an and  S ie ,  1970) and u re a  
(B id e ,  1 9 7 0 ) .  E xposu re  t o  h e a t  a t  56 d e g r e e s  C. f o r  5 -10  
m in u te s  (W arnock, 1 9 6 6 ) was a l s o  u se d .
T w e n ty - th re e  q u a i l  s e r a  were t r e a t e d  w i th  e ac h  o f  th e  
c h e m ic a l  I n h i b i t o r s  i n d i c a t e d  a b o v e ,  and  w i th  h e a t .  A l l
e
23 s e r a  had AkP-3 and  12 o f  t h i s  number had  AkP-5 • th e
Pr e m a in in g  11 c o n t a i n i n g  AkP-5 . Each g e l  was s e c t i o n e d  
l o n g i t u d i n a l l y  w i th  a  g e l  s l i c e r  ( F a i r b a n k s  et_ a l . ,  1 9 6 5 ) .
One g e l  h a l f  was s t a i n e d  f o r  p h o s p h a ta s e s  and  th e  o t h e r  h a l f  
was s i m i l a r l y  s t a i n e d  b u t  w i th  an  i n h i b i t o r  ad ded  t o  th e  
s t a i n i n g  s o l u t i o n .  N e i th e r  D- o r  L - p h e n y l a l a n i n e ,
0.8mM L - c y s t e in e  n o r  lOmM L -h o m o arg ln in e  i n h i b i t e d  any  
p h o s p h a ta s e .  A n o n s p e c i f i c  i n h i b i t i o n  o f  p h o s p h a ta s e s
was o b s e rv e d  w i th  u r e a ;  f o r  exam p le , a  g e l  c o n t a i n i n g
FAkP-5 and AkP-3 showed a lm o s t  o o m p le te  i n h i b i t i o n  o f  Isozyme 
P- 5  and  p a r t i a l  i n h i b i t i o n  o f  - 3 .  A n o th e r  g e l  c o n t a i n i n g  
A kP-5^. AkP-^ and  AkP-3 showed p a r t i a l  i n h i b i t i o n  o f  a l l  
t h r e e  isozy m es w i th  u r e a .  Heat a t  d e g re e s  C. f o r  10 
m in u te s  b e f o r e  s t a i n i n g  f o r  p h o s p h a ta s e s ,  s e l e c t i v e l y
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i n h i b i t e d  t h e  AkP-3 isozym e i n  a l l  serum  sa m p le s  e x am in e d .
As a  r e s u l t  o f  w i t h h o l d i n g  f e e d  p r i o r  t o  d raw in g  a
b lo o d  sam ple  a n d  h e a t i n g  o f  e l e c t r o p h o r e s e d  g e l s  a t  56 d e -
Pg r e e s  C. f o r  10 m in u te s ,  i t  h a s  b e e n  shown t h a t  AkP-5 a n d  
AkP-5 can  be d i f f e r e n t i a t e d  from  A kP-3 . G a th e r in g  e v id e n c e  
t o  show c o n c l u s i v e l y  t h a t  AkP-5 was o f  i n t e s t i n a l  o r i g i n  was 
beyo nd  t h e  s c o p e  o f  t h i s  t h e s i s .  The f a i l u r e  o f  b o th  s t e r e o ­
i s o m e r s  o f  p h e n y l a l a n i n e  t o  i n h i b i t  AkP-5 was s i m i l a r  t o  
t h e  f i n d i n g s  o f  Oide (1 9 7 0 )  i n  t h e  e e l ;  ho w ever ,  e e l  i n t e s ­
t i n a l  p h o s p h a ta s e  was I n h i b i t e d  u s i n g  L - c y s t e i n e .  On t h e  
o t h e r  h an d , L - c y s t e i n e  f a i l e d  t o  i n h i b i t  q u a i l  p h o s p h a t a s e s .  
T h e re  may be  a  s p e c i e s  s p e c l f l t y  to w ard  i n h i b i t o r s  o f  a l k a l i n e  
p h o s p h a t a s e .  F u r t h e r  e v id e n c e  t o  s u p p o r t  t h i s  i d e a  comes 
from  t h e  u se  o f  L -h o m o a r g in ln e , a n  i n h i b i t o r  o f  l i v e r  p h o s ­
p h a t a s e .  F ishm an an d  S l e  (1 9 7 0 )  r e p o r t e d  t h a t  L -h o m o a rg l-  
n i n e  i n h i b i t e d  l i v e r  p h o s p h a ta s e  i n  hum ans, r a t s  an d  dogs 
b u t  n o t  i n  p i g e o n s .
D i f f e r e n t i a l  i n h i b i t i o n  o f  AkP-5 a «d AkP-3 w i t h  h e a t  
a t  56 d e g r e e s  C. i n d i c a t e d  t h a t  t h e s e  iso z y m e s  had  d i f f e r e n t  
t i s s u e  o r i g i n s  (Warnock 1966 , P osen  1 9 6 7 ) ,  c o n s e q u e n t ly  w ere  
t h e  p r o d u c t s  o f  d i f f e r e n t  g en e  l o c i  (B o y e r ,  1 9 6 1 ) .  B oyer 
e t  a l . . ( 1 9 6 3 ) showed t h a t  l a c t a t e  d e h y d ro g e n a s e  (LDH) was 
composed o f  two s u b u n i t s ,  e a c h  o f  w h ich  was c o n t r o l l e d  by 
a  s e p a r a t e  g en e  l o c u s .  P f l e i d e r e r  a n d  J e c k e l  (1 9 5 7 )  have  
shown t h a t  t h e  d i f f e r e n t  h o m o - te t r a m e r l c  fo rm s  o f  t h e  LDH 
enzyme o r i g i n a t e d  from  d i f f e r e n t  t i s s u e  s o u r c e s  a n d  c o u ld  be
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d i f f e r e n t i a t e d  from  e a c h  o t h e r  by t h e i r  r e s p o n s e s  t o  h e a t  
i n h i b i t i o n .
H aving d e m o n s t r a te d  t h a t  AkP-3 an d  -5  w ere  o f  d i f f e r e n t
g e n e t i c  o r i g i n ,  a n  e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e  i n  m ig r a -
P st l o n  r a t e  o f  AkP-5 and  AkP-5 was d e s i r a b l e .  R o b inson  and  
P i e r c e  (1964) d e m o n s t r a te d  t h a t  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  
o f  a  human serum  a l k a l i n e  p h o s p h a ta s e  c o u ld  be r e d u c e d  by 
p r i o r  t r e a t m e n t  o f  t h e  se rum  w i th  n e u r a m in a d a s e .  law  (1 9 6 ? )  
showed t h a t  t h e  d i f f e r e n c e  b e tw een  f a s t  an d  s low  m i g r a t i n g  
c h ic k e n  serum  p h o s p h a t a s e s  was t h e  a t t a c h m e n t  o f  s i a l i c  a c i d  
m o le c u le s  t o  t h e  f a s t  i so z y m e . Law a l s o  showed t h a t  s i a l i c  
a c i d  was t h e  s o u r c e  o f  v a r i a t i o n  i n  a  l e u c i n e  a m in o p e p t ld a s e  
Isozym e a l s o  fo u n d  in  c h i c k e n  se ru m . S im u l ta n e o u s  a t t a c h m e n t  
o f  s i A l l c  a c i d  t o  th e  f a s t  form ' o f  a l k a l i n e  p h o s p h a ta s e  an d  
o f  l e u c i n e  a m in o p e p t ld a s e  was p o s t u l a t e d  t o  be c o n t r o l l e d  by 
t h e  p r e s e n c e  o f  a  do m inan t g e n e .
S i a l i c  a c i d  ( n - a c e t y l  n e u ra m in ic  a c i d )  i s  a  c h a rg e  
b e a r i n g  c a r b o h y d r a t e  t h a t  a p p e a r s  t o  a f f e c t  t h e  e l e c t r o p h o ­
r e t i c  m o b i l i t y  o f  o t h e r  p r o t e i n s  i n  a d d i t i o n  t o  a l k a l i n e  p h o s­
p h a t a s e  and  l e u c i n e  a m i n o p e p t l d a s e .  T h is  c a r b o h y d r a t e  h a s  
b e e n  fo und  a t t a c h e d  t o  o t h e r  serum p r o t e i n s  s u c h  a s  t r a n s ­
f e r r i n  (B lum berg  and  W arren , 1 9 6 1 ) ,  h a p t o g l o b i n  ( B e u t t n e r  -  
J a n u s c h ,  1 9 7 0 ) ,  and  serum  o h o l in e  e s t e r a s e  ( l a t n e r  and  
S k i l l e n ,  1 9 6 8 ) .  T h e r e f o r e ,  t h e  o b s e r v e d  d i f f e r e n c e  i n  
e l e c t r o p h o r e t i c  m o b i l i t y  b e tw e e n  A kP-5F and  A kP-5S may 
have  b e e n  due t o  t h e  p r e s e n o e  o f  a  d o m in an t gene  c o n t r o l l i n g
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g
s i a l i c  a c i d  a t ta c h m e n t  t o  t h e  AkP-5 iso zy m e  r e s u l t i n g  
i n  A kP-5F . In t h i s  e v e n t ,  t h e  s t r u c t u r a l  g en e  l o c u s  f o r  
AkP-5 w ould  be hom ozygous i n  a l l  q u a i l  and p rod u ce  one
g
p r o d u c t ,  AkP-5 . In  b i r d s  o a r r y in g  t h e  dom inant gene  f o r
P
s i a l i c  a c i d  m o d i f i c a t i o n  h o w ev er ,  AkP-5 w ould  a p p e a r .
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P re s e n o e  o f  P h o s p h a ta s e  AkP-6
An e a r l i e r  s t u d y  (p ag e  30 ) showed t h a t  t h e  l e n g t h  o f  
t im e  b e tw e e n  f e e d i n g  and d ra w in g  t h e  b lo o d  sam p le  a f f e c t e d  
t h e  s t a i n  i n t e n s i t y  o f  t h e  p h o s p h a ta s e  i so z y m e s .  To d e t e r ­
mine w h e th e r  a d d i t i o n a l  zymogram c h a n g e s  o c c u r r e d ,  t h e  f e e d i n g  
re g im e  was c o n t r o l l e d .  A p p ro x im a te ly  one h u n d re d  q u a i l  w ere  
f e d  a d  l i b i t u m  f o r  t h e  f i r s t  11 d a y s  p o s t - h a t c h i n g .  They w ere  
ran d o m ly  a s s i g n e d  t o  one o f  f i v e  g r o u p s  a t  1 2 - d a y s  o f  a g e .  
Group 1 th r o u g h  4 e ac h  c o n s i s t e d  o f  22 b i r d s  w h i l e  Group 5 
had 12 b i r d s .  G roup 1 was f e d  ad  l i b i t u m . G roups 2 -5  w ere  
s u b j e c t e d  t o  a  c o n t in u o u s  s c h e d u le  o f  1 ,  2 ,  3 o r  4  t w e n t y - f o u r  
h o u r  p e r i o d s ,  r e s p e c t i v e l y ,  o f  12 h o u r s  o f  f a s t i n g  f o l lo w e d  
by 12 h o u r s  o f  a d  l i b i t u m  f e e d i n g .  I n  t h e  l a t t e r  4  g r o u p s ,  
b lo o d  s a m p le s  w ere  drawn 2 h o u r s  a f t e r  f e e d  was r e t u r n e d  t o  
t h e  b i r d s .  R e s u l t s  o f  s u b j e c t i n g  t h e s e  d i f f e r e n t  g ro u p s  t o
th e  a b o v e  s c h e d u l e s  a r e  sum m arized  i n  T a b le  6 .
F SAkP-3 and  e i t h e r  AkP-5 o r  -5  w ere  o b s e r v e d  t o  s t a i n
v e ry  l i g h t  i n  G roup 1 and  d a r k  i n  G ro u p s  2 - 4 ,  I n  Groups 3
F Sand 4 AkP-3 an d  e i t h e r  AkP-5 o r  -5  w ere  s e e n  i n  each  s e r a  
and i n  a d d i t i o n  3 b i r d s  h a d  a  p r e v i o u s l y  u n o b s e rv e d  p h o s p h a ta s e
g
w hich  h ad  an  e l e o t r o p h o r e t l c  m o b i l i t y  b e tw een  t h o s e  o f  AkP-5 
and  A kP -7 , d e s i g n a t e d  A kP -6 . In  G roup 5» m a i n t a i n e d  on t h e
f e e d i n g  s c h e d u le  f o r  4 d a y s ,  a l l  s e r a  c o n ta in e d  AkP-6, AkP-3
F Sand e i t h e r  AkP-5 o r  -5  .
A l th o u g h  o n ly  a  p r e l i m i n a r y  e x p e r im e n t  was in v o lv e d ,  
t h e  r e s u l t s  a r e  o f  c o n s i d e r a b l e  i n t e r e s t .  They a p p e a r  t o
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TABLE 6 . The e f f e c t  o f  a  c o n t r o l l e d  f e e d i n g  reg im e  
on t h e  a p p e a ra n c e  o f  AkP-6 In  SAP zymograms
 Number o f ________
Number o f  s e r a
24 h o u r
p e r i o d s  o f  S e ra  w i th  AkP-6 w i th o u t  AkP-6
c o n t r o l l e d  e l e c t r o -  
Group f e e d i n g  p h o re s e d  Males Fem ales Males Fem ales
1 0 21 12 9
2 1 22 8 14
3 2 22 2 7 13
4 3 22 1 12 9
5 4 12 7 5
T o ta l 99 10 5 39 45
53
i n d i c a t e  t h a t  c o n t in u e d  c y c l e s  o f  a l t e r n a t e  f e e d i n g  and  
f a s t i n g  may a f f e c t  t h e  c o m p o s i t io n  o f  Isozym es i n  t h e  serum 
p h o s p h a ta s e  zymograms. An e x p l a n a t i o n  f o r  t h e  a p p e a ra n c e  o f  
t h i s  isozym e o f  n e c e s s i t y  i n v o lv e s  s p e c u l a t i o n .  However, i t  
i s  known t h a t  q u a i l  have a  r e l a t i v e l y  h ig h  m e ta b o l i c  r a t e .  
Twelve h o u r s  w i th o u t  fo o d  may empty t h e  g u t  t h e r e b y  lo w e r in g  
th e  r a t e  o f  m e ta b o l ism .  When t h e  fo o d  was r e t u r n e d  a b r u p t l y ,  
t h e  f i r s t  fo o d  i n  t h e  g u t  may s e r v e  a s  a  s t im u lu s  c a u s in g  
o v e r  p r o d u c t io n  o f  a  gene c o n t r o l l e d  p h o s p h a ta s e  a s s o c i a t e d  
w i th  food  m e ta b o l ism  such  t h a t  th e  e x c e s s  AkP-6 was sh u n te d  
i n t o  th e  serum .
5^
"R SE s t im a te d  P requenoy  o f  AkP-5 and  -5  A l l e l e s  In  L in e s  
S e l e c t e d  For High Body W eight a n d  In  Random Mated L ine  405
P SThe p r e s e n c e  i n  q u a i l  s e r a  o f  e i t h e r  AkP-5 o r  -5  was 
e x p la in e d  on th e  b a s i s  o f  one a l l e l e  b e in g  c o m p le te ly  dom inan t 
t o  t h e  o t h e r  a l l e l e  a t  t h e  same l o c u s .  W ilcox (1 9 6 6 )  in  
c h ic k e n s  r e p o r t e d  t h a t  t h e  d om inan t p h o s p h a ta s e  a l l e l e ,  r e ­
s p o n s ib l e  f o r  th e  f a s t  m ig r a t i n g  p h o s p h a ta s e ,  i n c r e a s e d  in
r-
f r e q u e n c y  w i th  s e l e c t i o n  f o r  I n c r e a s e d  body w e ig h t .  S tudy  o f  
t h e  gene f r e q u e n c y  o f  th e  P and  S AkP-5 a l l e l e s  I n  q u a i l  
L in e s  200 and  205. t h e r e f o r e ,  was o f  i n t e r e s t .  A ls o ,  s in o e
L ine  1*05 had b een  s t u d i e d  p r e v i o u s l y  (T a b le  4 ) ,  t h e  gene
F sf r e q u e n c y  o f  AkP-5 an d  - 5  a l l e l e s  i n  t h i s  random ly  m ated 
l i n e  c o u ld  be c a l c u l a t e d  from  t h a t  d a t a .  L ine  202 was n o t  
s t u d i e d  I n  t h i s  r e g a r d .
L in e s  200 and  205 were re p ro d u c e d  each  g e n e r a t i o n  from 
50 p a i r  m a t in g s  p e r  l i n e .  In  G20 t h i r t y - f i v e  c h ic k s  from 
L ine  200 and  23 from  L ine  205 w ere h a to h e d  f o r  t h i s  s tudy  and  
c h ic k s  from t h e  two l i n e s  w ere  b ro o d e d  an d  i n t e r m i n g l e d .  In  
b o th  l i n e s  t h e  b i r d s  b l e d  w ere  s e l e c t e d  a t  random b e tw een  19 
and 23 day s  o f  a g e .  D u p l i c a te  b lo o d  sam p les  w ere  drawn and  
e l e c t r o p h o r e s e d  on t h e  same d a y .  Of 31 b i r d s  exam ined  in  
L ine  200 , 1 serum  sam ple c o n ta in e d  a  s i n g l e  v e ry  l i g h t l y  
s t a i n e d  AkP-3. t h e  r e m a in in g  30 s e r a  each  c o n ta in e d  AkP-3 an d  
AkP-5F (T ab le  ? ) .  None o f  t h e  L ine 200 s e r a  exam ined  con­
t a i n e d  AkP-5S . The s e r a  o f  two o f  th e  q u a i l ,  a  b r o t h e r  and  
s i s t e r ,  exam ined  on d i f f e r e n t  day s  a l s o  had A kP-7.
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TABLE 7 . The f r e q u e n c y  o f  t h e  p h o s p h a ta s e s  
d e t e c t e d  i n  t h e  p ro g e n y  o f  G20 
p a r e n t s ,  L in e s  200 a n d  205
Number AkP Isozym e
L in e
o f  q u a i l  
exam ined 3 k
F S 
5 5 7
200 31 31 1 30 2
205 23 23 1 22
5 6
Eaoh o f  t h e  23 s e r a  from L in e  205 c o n ta in e d  AkP-3
(T a b le  7 ) .  In  one serum  sam ple  t h i s  was t h e  o n ly  p h o sp h a -
Pt a s e  d e t e c t e d .  Eaoh o f  t h e  o t h e r  22 s e r a  c o n ta in e d  AkP-5 .
S
None o f  t h e  serum  sa m p le s  had  a n  AkP-5 p h o s p h a t a s e .
In  L in e  205 i f  t h e  one serum  h a v in g  n e i t h e r  a l l e l e  o f
AkP-5 was d i s r e g a r d e d ,  w hich  seem s r e a s o n a b l e ,  t h e  e s t i m a t e d
Fg en e  f r e q u e n c y  o f  AkP-5 i n  t h i s  l i n e  w ou ld  be 1 . 0 .  In  L ine  
20 0 , i n  one serum  sa m p le ,  AkP-3 s t a i n e d  v e r y  l i g h t l y  and  AkP-5 
n o t  a t  a l l .  A g a in ,  i f  t h i s  se rum  w ere d i s c o u n t e d ,  t h e  r e m a in -  
i n g  30 s e r a  exam ined  h a d  t h e  AkP-5 a l l e l e .  The e s t i m a t e d  g en e  
f r e q u e n c y  o f  t h i s  a l l e l e  i n  t h i s  l i n e  w ou ld  t h e r e f o r e  a l s o  be
1 . 0 .  However, a  m a t in g  was made o f  two L in e  200 b i r d s  e ac h
Pw h ich  had  d i s p l a y e d  t h e  AkP-5 p h e n o ty p e .  T h is  m a t in g  p r o -
F Sd u ced  8 o f f s p r i n g  h a v in g  AkP-5 b an d s  a n d  t h r e e  w i t h  AkP-5 .
Thus i t  w ould  a p p e a r  t h a t  t h e s e  two b i r d s  w ere  h e t e r o z y g o t e s
P s(AkP-5 /A kP -5  )* m aking  t h e  g ene  f r e q u e n c y  in  L in e  200 some­
t h i n g  l e s s  t h a t  1 . 0 .  I f  a  p o p u l a t i o n  had  a  gene f r e q u e n c y
f o r  t h e  F a l l e l e ,  q , o f  0 .9  a n d  t h e  p o p u l a t i o n  was u n s e l e c t e d
F
a n d  m ated  a t  random , one w ould  e x p e c t  one p e r c e n t  o f  t h e  r e ­
s u l t i n g  p ro g e n y  t o  be  homozygous SS an d  18 p e r c e n t  t o  be h e t e r o ­
zygous FS a t  th e  AkP-5 l o c u s .  Thus ev en  th o u g h  t h e  gene f r e ­
qu ency  a t  a  g iv e n  l o c u s  i s  h i g h ,  t h e  p e r c e n t a g e  o f  h e t e r o ­
z y g o te s  i n  a  p o p u l a t i o n  may be s u b s t a n t i a l .  In  L in e  405 t h e
F Se s t i m a t e d  gene  f r e q u e n c y  f o r  AkP-5 a n d  AkP-5 a l l e l e s  was 
0 .5 8  and  0.4-2, r e s p e c t i v e l y  i n  t h e  two g e n e r a t i o n s  s t u d i e d .
W ilc o x ( 1 9 6 6 ) h a s  shown t h a t  i n  a  l i n e  o f  c h ic k e n s  
s e l e c t e d  f o r  h ig h  serum  a l k a l i n e  p h o s p h a ta s e  l e v e l s ,  t h e
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e s t i m a t e d  gene  f r e q u e n c y  o f  t h e  s low  a l l e l e  c a l c u l a t e d  from 
a 30 b i r d  sam ple  chan g ed  from  a n  i n i t i a l  0 .7 0  t o  0 . 1 8 .  Prom 
t h e  r e l a t i v e l y  s m a l l  sam ple  o f  L in e s  200 a n d  205 s t u d i e d ,  i t  
a p p e a re d  t h a t  s e l e c t i o n  f o r  i n c r e a s e d  2 1 - d a y  body w e ig h t  may 
have c h an g ed  t h e  r e l a t i v e  f r e q u e n o y  o f  t h e  two a l l e l e s  a t
Pt h e  AkP-5 l o c u s .  I f  t h e  a c t u a l  gene  f r e q u e n c y  o f  t h e  AkP-5 
a l l e l e  i n  a  p o p u l a t i o n  was 1 . 0 ,  o r  c l o s e  t o  i t  t h e n  p r e ­
sum ably  t h e  p r o d u c t  o f  t h i s  a l l e l e  was more b e n e f i c i a l  t o  
e a r l y  g ro w th  o f  q u a i l  t h a n  t h e  p r o d u c t  o f  t h e  a l t e r n a t e  
a l l e l e ,  AkP-5S .
GENERAL D ISC U SSIO N
G e n e t ic  a n a l y s i s  o f  t h e  v a r i a t i o n  I n  t h e  e l e c t r o p h o r e t i c
jp sm o b i l i t y  o f  q u a i l  p h o s p h a ta s e s  AkP-5 and  AkP-5 i n d i c a t e d  a
Ps i n g l e  gene l o c u s  was In v o lv e d  w i t h  AkP-5 b e in g  c o m p le te ly
sd o m in a n t  t o  AkP-5 . The homozygous d o m inan t a n d  h e te r o z y g o u s  
i n d i v i d u a l s  e a c h  had a  s i n g l e  Isozym e and  p h e n o t y p i c a l l y  were 
I n d i s t i n g u i s h a b l e .  The homozygous r e c e s s i v e  i n d i v i d u a l  a l s o  
c o n ta in e d  a  s i n g l e  Iso zy m e, b u t  w i t h  a  d i f f e r e n t  e l e c t r o p h o ­
r e t i c  m o b i l i t y .  C om plete  dom inance  o f  a n  a l l e l e  c o n t r o l l i n g  
e l e c t r o p h o r e t i c  v a r i a t i o n  i n  a l k a l i n e  p h o s p h a ta s e  i s  u n u s u a l  
s i n c e  a l k a l i n e  p h o s p h a ta s e  i s  c o n s i d e r e d  t o  be a  d i m e r ic  p r o ­
t e i n  ( S c h l e s i n g e r ,  196**-; S c h l e s i n g e r  and  A n d e rse n ,  1 9 6 8 ) .  A 
d i m e r ic  p r o t e i n  i s  composed o f  two p o l y p e p t i d e  c h a in s  o r  su b ­
u n i t s  j o in e d  t o g e t h e r  u s u a l l y  w i t h  n o n - c o v a l e n t  b o n d s .  I f  
t h e  p r o t e i n  I n  q u e s t i o n  I s  a n  enzym e, j o i n i n g  o f  t h e  two 
p o l y p e p t i d e s  r e s u l t s  i n  a n  e n z y m a t i c a l l y  a c t i v e  p r o t e i n .
Shaw (196*1-) h a s  d e s c r i b e d  v a r i o u s  t y p e s  o f  isozym e com­
b i n a t i o n s  t h a t  would  b e  d e t e c t e d  e l e c t r o p h o r e t i c a l l y  a ssu m in g  
one lo c u s  a n d  d im e r ic  p r o t e i n  c o n s t r u c t i o n .  L e t  A d e s i g n a t e  
t h e  l o c u s ,  An  a n  a l l e l e  a t  t h a t  l o c u s  and  A^ a  p o l y p e p t i d e  
o r  p r o t e i n  p ro d u c e d  by a l l e l e  An . A lo o u s  homozygous f o r  
one t y p e  o f  a l l e l e  a r b i t r a r i l y  d e s i g n a t e d  A^/A^ w ould  p r o ­
d u ce  a  s i n g l e  iso zy m e , A^ composed o f  2 A^ p o l y p e p t i d e s .
2 2T h is  same l o c u s  homozygous f o r  a n o t h e r  a l l e l e  A /A  w ould  
a l s o  p ro d u c e  a  s i n g l e  iso z y m e , Ag, composed o f  A^ p o ly p e p ­
t i d e s  and  h a v in g  a n  e l e c t r o p h o r e t i c  m o b i l i t y  d i f f e r e n t
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from  Isozym e A^. I f  t h i s  same l o c u s  was h e te r o z y g o u s  f o r
1 2t h e  two a l l e l e s ,  A /A , two iso z y m e s  w ould be p ro d u c e d ,
A, and  A . T h is  ty p e  o f  d i m e r ic  p r o t e i n  was i d e n t i f i e d  i n  
1 2
a n  e s t e r a s e -6  p r o t e i n  o f  D r o s o p h i l a  (W r ig h t ,  1 9 6 3 ) .
A se c o n d  ty p e  o f  d i m e r ic  p r o t e i n  s t r u c t u r e  may a l s o
1 . 2
o c c u r  i n  t h e  h e te r o z y g o u s  i n d i v i d u a l  A /A . T h ree  iso z y m e s
may be d e t e c t e d  A , A a n d  a n  iso zym e  A w h ich  h a s  an
1 2 ^
e l e c t r o p h o r e t i c  m o b i l i t y  i n t e r m e d i a t e  b e tw e e n  t h o s e  o f  
A^ a n d  A a n d  i s  d e s i g n a t e d  a  h y b r i d  Isozym e, The A ^  p r o ­
t e i n  would be  composed o f  two p o l y p e p t i d e  c h a i n s ,  one A^ 
c h a i n  an d  one Ag c h a i n .  T h is  t y p e  o f  d im e r  p r o t e i n  was d e ­
s c r i b e d  by Beckman an d  Jo h n so n  (196*0 i n  a  l a r v a l  a l k a l i n e  
p h o s p h a ta s e  o f  D r o s o p h i l a ,  I n  t h e  two d i f f e r e n t  h e t e r o ­
zygous s i t u a t i o n s  j u s t  d e s c r i b e d ,  b o th  a l l e l e s  w ere  a c t i v e .
I n  t h e  se co n d  s i t u a t i o n ,  h o w e v er ,  t h e  a l l e l i c  p r o d u c t s  i n t e r ­
a c t e d  w i t h  e a c h  o t h e r  t o  p ro d u c e  t h e  h y b r i d  p r o t e i n ,  A ^ *  
H a r r i s  ( 1 9 6 9 ) s u g g e s t e d  t h a t  t h e  f a i l u r e  t o  o b s e rv e  
m u l t i p l e  fo rm s o f  a n  enzyme i n  t h e  h e te r o z y g o u s  s t a t e  i s  n o t  
s u f f i c i e n t  e v id e n c e  t o  c o n c lu d e  t h a t  a n  enzyme i s  n o t  a  p o l y ­
m e r ic  p r o t e i n .  T h e r e f o r e ,  i n  t h e  q u a i l  s tu d y  w here  dom inance  
was c o m p le te ,  i f  AkP-5 was a  d i m e r i c  p r o t e i n ,  a l l e l i c  p r o d u c t s  
i n  s e r a  from  a  h e te r o z y g o u s  i n d i v i d u a l  would n o t  be e l e c t r o -  
p h o r e t i c a l l y  d i s t i n g u i s h a b l e  from  t h e  homozygous d o m in a n t .
The u se  o f  a  d i f f e r e n t  m ethod o f  e l e c t r o p h o r e t i c  s e p a r a t i o n ,  
h o w e v er ,  may r e v e a l  h e t e r o z y g o t i c  iso z y m e s  ( H a r r i s ,  1 9 6 9 ) .
On t h e  o t h e r  h and , i f  AkP-5 was a  m onom eric  p r o t e i n ,  t h e  
a c t i v e  m o le c u le  w ould  c o n s i s t  o f  a  s i n g l e  p o l y p e p t i d e  c h a i n .
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In  t h i s  s i t u a t i o n ,  serum  from  e i t h e r  a n  A /A  o r  A /A  homo­
z y g o te  w ould  y i e l d  a  s i n g l e  b u t  d i s t i n c t  iso z y m e . In  t h e  
h e t e r o z y g o t e ,  h o w e v er ,  two Iso zy m es e a c h  w i th  e l e c t r o p h o r e t i c  
m o b i l i t y  s i m i l a r  t o  t h e  i so z y m e s  o f  t h e  hom ozygo tes  w ould 
be d e t e c t e d .  T h e r e f o r e ,  on t h e  b a s i s  o f  t h e  p r e s e n t  in f o r m a ­
t i o n ,  i t  i s  n o t  p o s s i b l e  t o  d e te r m in e  t h e  s u b u n i t  s t r u c t u r e  
o f  t h e  q u a i l  AkP-5 iso zy m e .
S in c e  t h e  i n h e r i t a n c e  o f  a  serum  a l k a l i n e  p h o s p h a ta s e  
i n  c h i c k e n s ,  t u r k e y s  and  q u a i l  was t h e  sam e, t h e s e  3 s p e c i e s  
w ere  com pared  f o r  o t h e r  g e n e t i c  s i m i l a r i t i e s .  S i t tm a n n  e t  a l . , 
(196 5 )  s t u d i e d  a b e h a v i o r a l  d i s o r d e r  i n  q u a i l  a t  h a t c h i n g ,  
d e s c r i b e d  a s  c o n g e n i t a l  l o c o ,  w h ich  was due t o  a  s im p le  a u t o ­
som al r e c e s s i v e  c o n d i t i o n .  Knowlton (1929) i n  c h ic k e n s  and  
Cole (1 9 5 7 )  i n  t u r k e y s  had  e a r l i e r  fou nd  c o n g e n i t a l  l o c o  t o  
be i n h e r i t e d  a s  a  s im p le  a u to s o m a l  r e c e s s i v e .  A s e x - l i n k e d  
r e c e s s i v e  a l b i n i s m  h a s  b e e n  d e s c r i b e d  i n  c h ic k e n s  ( M u e l le r  
and  H u t t ,  1 9 ^ 1 ) ,  t u r k e y s  (H u t t  an d  M u e l le r ,  19^2) and  i n  
q u a i l  ( l a u b e r ,  19 6*0 . C y t o l o g i c a l  s t u d i e s  o f  t h e  c h ic k e n ,  
q u a i l  an d  t u r k e y  h av e  a l l  r e v e a l e d  s i m i l a r i t i e s  i n  t h e  t h r e e  
s p e c i e s .  The h a p l o i d  number o f  chromosomes w ere  s i m i l a r  
(Bloom, 1 9 6 9 ) a s  w ere  t h e  ka ry o g ram  c o m p a r is o n s  ( S h o f f n e r  
e t  a l . ,  1967; Ohno, 1 9 6 7 ) .  Taken t o g e t h e r  t h e s e  f i n d i n g s  
s u g g e s t  t h a t  p o r t i o n s  o f  t h e  genome o f  t h e  c h i c k e n ,  q u a i l  
and  t u r k e y  a r e  common t o  t h e  t h r e e  s p e c i e s .  T h e r e f o r e ,  i t  
would a p p e a r  t h a t  t h e  c h ic k e n ,  q u a i l  an d  t u r k e y  may a l l  have  
e v o lv e d  from  some common a n c e s t o r s  l a t e  i n  t h e  e v o l u t i o n a r y  
h i s t o r y  o f  b i r d s .
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G e n e t ic  s t u d i e s  o f  serum  p r o t e i n s  d e m o n s t r a t i n g  e l e c t r o ­
p h o r e t i c  v a r i a t i o n  u s i n g  p o ly a c r y la m id e  d i s c  e l e c t r o p h o r e s i s  
a r e  l i m i t e d  i n  num ber. A d i s c u s s i o n  o f  some o f  t h e  p r o p e r t i e s  
o f  t h e  s y s te m  w i l l  be r e v ie w e d .  The r e s o l v i n g  power o f  t h i s  
e l e c t r o p h o r e t i c  s y s te m  i s  g r e a t e r  t h a n  t h a t  o f  e i t h e r  s t a r c h  
o r  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s .  The s u p e r i o r  r e s o l u ­
t i o n  was d e m o n s t r a t e d  s t u d y i n g  c h ic k e n  serum  a l k a l i n e  p h o s ­
p h a t a s e s  (S av ag e  e t  a l . . 1 9 7 1 ) .  W ith i n c r e a s e d  r e s o l u t i o n  th e  
c h a n c e  o f  a r t i f a c t  p r o d u c t i o n  i n c r e a s e s  w here  s a m p le s  o f  e x ­
c e s s i v e  s i z e  a r e  u s e d  (Ho a n d  M i l i k i n ,  1 9 7 0 ) .  By r e s t r i c t i n g  
t h e  serum sam ple  volum e t o  20 m i c r o l i t e r s  t h i s  p o t e n t i a l  
s o u r c e  o f  e r r o r  was m in im iz e d .
A m a jo r  s o u rc e  o f  v a r i a t i o n  i n  t h e  e l e c t r o p h o r e t i c  mo­
b i l i t y  o f  p r o t e i n s  s e p a r a t e d  u s i n g  d i s c  i s  t h e  u s e  o f  s e p a r a t e  
g e l  tu b e s  f o r  each  sam ple  t o  be e l e c t r o p h o r e s e d .  I f  t h e  
h e i g h t s  o f  t h e  d i f f e r e n t  g e l  s o l u t i o n s  i n  eao h  g e l  tu b e  v a ry  
f ro m  tu b e  t o  t u b e ,  v a r i a t i o n  i n  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  
o f  t h e  same p r o t e i n  I n  two d i f f e r e n t  g e l  t u b e s  may r e s u l t .
T h is  i s  a  w eakn ess  o f  t h e  m ethod  a n d  h a s  l i m i t e d  t h e  num ber 
o f  g e n e t i c  s t u d i e s  e m p lo y in g  d i s c  e l e c t r o p h o r e s i s .  I t  
w ou ld  seem t h a t  t h i s  p ro b lem  c o u ld  be c i r c u m v e n te d  by u se  
o f  a  s e r i a l  d i s c  e l e c t r o p h o r e s i s  sy s te m  i n  w h ic h  a l l  t h e  g e l s  
a r e  fo rm ed s e p a r a t e l y ,  b u t  i n  t h e  same m o ld , B e rk in g  a n d  
H a u s c h i ld - R o g a t  (1 9 7 0 )  have d e s c r i b e d  su ch  a  s e r i a l  d i s c  
e l e c t r o p h o r e s i s  s y s te m .
T here  a r e  no r e p o r t s  i n  t h e  l i t e r a t u r e  o f  serum  a l k a l i n e  
p h o s p h a t a s e  isozym e s t u d i e s  i n  J a p a n e s e  q u a i l .  As a  r e s u l t
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o f  t h i s  r e s e a r c h ,  t h e  f o l l o w i n g  s t u d i e s  a r e  s u g g e s t e d :
1 .  A ttem p t  t o  e x p l a i n  t h e  o b s e r v e d  e l e c t r o p h o r e t i c  
v a r i a t i o n  i n  AkP-5 c o n t r o l l e d  by a  c o m p l e t e ly  d o m in a n t  gene
D isc  e l e c t r o p h o r e s e d  s e r a  from h e te r o z y g o u s  a n d  homozy­
go u s  d o m in a n t  b i r d s  h a v e  AkP-5 Isozym es w i t h  t h e  same e l e c t r o ­
p h o r e t i c  m o b i l i t i e s .  S u b j e c t i n g  q u a i l  serum  c o n t a i n i n g  AkP-5 
t o  i s o e l e c t r i c  f o c u s i n g  may r e v e a l  a  d i f f e r e n c e  b e tw ee n  th e  
isozym e o f  t h e  d o m in a n t  hom ozygote  com pared  t o  t h a t  o f  th e  
h e t e r o z y g o t e .  F u r t h e r  s tu d y  o f  t h e  AkP-5 isozym e w ou ld  r e ­
q u i r e  i t s  i s o l a t i o n  an d  s u b s e q u e n t  p u r i f i c a t i o n  from  t h e  se ru m . 
Once an  e l e c t r o p h o r e t i c a l l y  homogeneous Isozym e was o b t a i n e d ,  
t r e a t m e n t  w i t h  a  h y d ro g e n  bond d i s s o c i a t i n g  a g e n t  m ig h t  r e v e a l  
t h e  s u b u n i t  s t r u c t u r e .
2 .  I n i t i a t e  a  s tu d y  t o  d e te r m in e  w h e th e r  o r  n o t  t h e r e  
i s  a  r e l a t i o n s h i p  b e tw e e n  s i a l i c  a c i d  and  t h e  e l e c t r o p h o r e t i c  
m o b i l i t y  o f  AkP-5
T re a tm e n t  o f  b o t h  i s o z y m ic  fo rm s o f  AkP-5 w i t h  n e u ra m ln a -  
d a s e  p r i o r  t o  e l e c t r o p h o r e s i s  w ould  a i d  i n  d e t e r m i n i n g  t h e  e f ­
f e c t ,  i f  a n y ,  o f  c a r b o h y d r a t e  a t t a c h m e n t  t o  th e  AkP-5 iso z y m e s .
3 .  S tudy  t h e  r e l a t i o n s h i p  b e tw e e n  a  serum a l k a l i n e  
p h o s p h a ta s e  gene  an d  body w e ig h t
G a th e r  2 1 -d a y  body  w e ig h t  d a t a  on q u a i l  o f  known g e n o ty p e s  
w i t h i n  a  p o p u l a t i o n  i n  w h ich  t h e  g en es  a t  t h e  AkP-5 l o c u s  a r e  
s e g r e g a t i n g .  A rra n g e  m a t in g s  t o  p r o v id e  o f f s p r i n g  o f
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h e t e r o z y g o t e s  a n d  known h o m o zy g o te s ,  b o th  d o m in an t an d  r e ­
c e s s i v e ,  D e te rm in e  w h e th e r  t h e  AkP-5 g e n o ty p e  h a s  an  i n f l u ­
e n ce  on t h e  v a r i a t i o n  i n  3 -w eek  body  w e ig h t  o f  q u a i l .  I f  a 
d e f i n i t e  r e l a t i o n s h i p  was found  i t  would I n d i c a t e  e i t h e r  
t h a t  t h e  g e n es  u n d e r l y i n g  AkP-5 had  a p l e i o t r o p i c  e f f e c t  on 
body w e ig h t  o r  t h a t  a  body  w e ig h t  g e n e ,  o r  g e n e s ,  l o c a t e d  on 
t h e  same chromosome a s  AkP-5 was l i n k e d  t o  A kP-5 . To d i f f e r ­
e n t i a t e  b e tw ee n  p l e l o t r o p y  and  l i n k a g e  a s  t h e  c a u s e  o f  t h e  
r e l a t i o n s h i p  w ould be  f a r  more d i f f i c u l t ,  and  w i th  th e .  p r e s e n t  
s t a t e  o f  know ledge o f  t h e  g e n e t i c s  o f  q u a i l ,  i m p o s s i b l e .  I t  
w ould  r e q u i r e  knowing on w h ich  chromosome AkP-5 was l o c a t e d  
an d  h a v in g  a p p r o p r i a t e  m a rk e r  g e n es  on t h a t  chrom osom e. At 
t h e  p r e s e n t  t im e  o n ly  one se x  l i n k e d  gene h a s  been  r e p o r t e d  
i n  q u a i l  (L a u b e r ,  196*0 . The chromosome l o c a t i o n s  o f  r e p o r t e d  
a u to s o m a l  m u ta n ts  i n  q u a i l  a r e  unknown.
CONCLUSIONS
E ig h t  Isozym es o f  se rum  a l l c a l l n e  p h o s p h a t a s e  w ere  d e ­
te c te d .  I n  f o u r  l i n e s  o f  J a p a n e s e  q u a i l  s t u d i e d  a t  2 1 -d a y s  o f  
a g e  u s i n g  p o ly a c r y la m id e  d i s c  e l e c t r o p h o r e s i s  a n d  a  h i s t o -  
c h e m lc a l  s t a i n i n g  m e tho d . Iso zym es w ere  d e s i g n a t e d  w i th  t h e  
l e t t e r s  AkP a n d  t h e  num bers 1 t o  7 I n  o r d e r  o f  d e s c e n d in g  
e l e c t r o p h o r e t i c  m o b i l i t y .  I n d i v i d u a l  q u a i l  s e r a  c o n ta in e d  
from  2 t o  ^  I s o z y m e s .  Common t o  a l l  s e r a  s t u d i e d  w ere  Iso z y m es  
AkP-3 a n d  e i t h e r  A kP-5F a s t  o r  AkP-5S lo w . A lth o u g h  th e  r e ­
m a in in g  f i v e  i s o z y m e s ,  A kP-1, - 2 ,  - 6  an d  -7  a r e  u n d e r
g e n e t i c  c o n t r o l ,  w h e th e r  o r  n o t  t h e i r  p r e s e n c e  was d e t e c t e d  
i n  t h i s  s t u d y  a p p e a r e d  t o  be  due t o  u n d e f in e d  p h y s i o l o g i c a l  
f a c t o r s .
FA s tu d y  o f  AkP-5 an d  AkP-3 from  h a t c h i n g  t o  28 -w eeks o f  
a g e  was c o n d u c te d  u s i n g  a  t o t a l  o f  65  m a le s  and  f e m a le s .  A t 
l6 -w e e k s  o f  ag e  AkP-5 was m i s s i n g  from  some m a le s  s t u d i e d  a n d  
I n  a l l  m a le s  a t  2 8 -w eek s  o f  a g e .  In  f e m a le s  no change  o c c u r r e d  
I n  t h e s e  two Iso zy m es  b e tw ee n  one an d  3 _weeks o f  a g e ,  b u t  a t  
a p p r o x i m a t e ly  6 -w eek s  o f  a g e  e i t h e r  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  
o f  A kP-5F had  i n c r e a s e d  o r  a  new isozym e had a p p e a r e d  co n ­
c u r r e n t  w i t h  t h e  o n s e t  o f  egg  p r o d u c t i o n .  N o n - la y in g  a d u l t  
f e m a le  q u a i l  had zymograms s i m i l a r  t o  2 8 -w eek  o l d  m a le s .
The v a r i a n t s  A kP-5F a n d  A kP-5S w ere  shown t o  b e  con­
t r o l l e d  by  a  p a i r  o f  a u to s o m a l  g e n es  a t  one l o c u s .  The g e n e  
f o r  A kP-5F was c o m p le t e ly  d o m in a n t  t o  A kP -5^ . T hrough  t h e  
u se  o f  v a r i o u s  p h o s p h a ta s e  I n h i b i t o r s ,  Isozym es AkP-3 and
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AkP-5 w ere  d e te rm in e d  t o  be c o n t r o l l e d  by d i f f e r e n t  gene 
l o c i .
FThe gene f r e q u e n c y  o f  t h e  AkP-5 a l l e l e  i n  q u a i l  L in e s  
200 a n d  20 5 , s e l e c t e d  f o r  h ig h  body w e ig h t ,  was e s t im a t e d  t o  
be c l o s e  t o  1 .0  i n  each  l i n e .  The e s t i m a t e d  gene f re q u e n c y  
o f  th e  AkP-5^ * a l l e l e  i n  c o n t r o l  L ine  ^-05 was 0 .5 8  i n  b o th  
g e n e r a t i o n  5 a ^d 6 .
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POLYACRYLAMIDE DISC GEL ELECTROPHORETIC SEPARATION 
OF QUAIL SERUM ALKALINE PHOSPHATASES
The p ro o e d u re  u se d  t o  s e p a r a t e  t h e  serum  p h o s p h a ta s e s  
was a  m o d i f i c a t i o n  o f  t h e  m ethods o f  D av is  (1 9 6 4 )  an d  
B u c h le r  I n s t r u m e n t s  (1 9 6 6 ) .
The s a m p l e - s t a c k i n g  g e l  s o l u t i o n  an d  t h e  s e p a r a t i n g  g e l  
s o l u t i o n  w ere  p r e p a r e d  i n  a  25 m l. f o i l  w rapped  f l a s k  a n d  
a l lo w e d  t o  warm t o  room t e m p e r a t u r e .  The g l a s s  t u b e s  w ere  
rem oved from  t h e  column c o a t  s o l u t i o n ,  a l lo w e d  t o  r e s t  on 
a b s o r b a n t  t i s s u e ,  an d  a i r  d r i e d  f o r  one h o u r .
1 . )  The g e l  p o l y m e r i z a t i o n  r a c k  was l e v e l e d  by
u se  o f  t h e  s p i r i t  l e v e l  on t h e  t o p  o f  t h e  r a c k ,
2 . )  The g l a s s  t u b e s  w ere  p a s s e d  th r o u g h  t h e  t o p
o p e n in g  o f  t h e  g e l  p o l y m e r i z a t i o n  r a c k .  A r u b b e r  cap  was
p l a c e d  on t h e  end  o f  e a c h  o f  t h e  g l a s s  t u b e s  w hloh  p a s s e d  
th r o u g h  t h e  r a c k .  The t u b e s  w i t h  t h e  r u b b e r  c a p s  t h e n  r e s t e d  
on t h e  b o t to m  o f  t h e  p o l y m e r i z a t i o n  r a c k  and  t h e  a d ju s tm e n t  
sc re w s  w ere  t i g h t e n e d .
3 . )  The sam ple  g e l  was p r e p a r e d  by a d d in g  20 u l .
o f  serum  t o  a  1 m l,  t u b e r c u l i n e  s y r i n g e  t h a t  o o n ta ln e d  0 .2  m l. 
o f  sam ple  g e l .  The serum  was m easu red  w i t h  a  H am ilton  
m i o r o s y r l n g e . The s o l u t i o n  was t h e n  t r a n s f e r r e d  t o  a  g l a s s  
tu b e  i n  t h e  p o l y m e r i z a t i o n  r a c k  u s i n g  a  26g x n e e d l e .
4 . )  A s m a l l  volume o f  w a t e r  was a d d e d  t o  e a c h  o f  t h e  
g l a s s  t u b e s  t o  fo rm  a  l a y e r  o v e r  t h e  sam ple  g e l  m ix t u r e .  To 
a d d  t h e  w a t e r  l a y e r ,  a  d ro p  o f  w a t e r  was fo rm ed  a t  t h e  
n e e d l e  t i p  b y  a p p l y i n g  s l i g h t  p r e s s u r e  t o  t h e  end  o f  t h e
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w a te r  l a y e r i n g  a p p l i c a t o r  w i th  th e  in d e x  f i n g e r .  The n e e d l e  
t i p  r e s t e d  a g a i n s t  t h e  i n n e r  w a l l  o f  t h e  g l a s s  t u b e .  The 
w a te r  f lo w e d  down t h e  i n n e r  w a l l  o f  t h e  tu b e  a n d  fo rm ed  a  
l a y e r  o v e r  t h e  sam p le  g e l .  A l a y e r  o f  w a te r  3*^ nun. deep  
was u s e d .
5 . ) A f l u o r e s c e n t  l i g h t  s o u r c e  was c l o s e l y  p o s i t i o n e d  
in  f r o n t  o f  t h e  g e l  p o l y m e r i z a t i o n  r a c k .  The g e l s  w ere  a l lo w e d  
t o  p h o to p o ly m e r lz e  f o r  bO m in u te s ,  A s l i g h t  o p a le s c e n c e  
a p p e a re d  d u r in g  p o l y m e r i z a t i o n .
6 . )  When p h o t o p o ly m e r i z a t i o n  was c o m p le te d ,  t h e  
p o l y m e r i z a t i o n  r a c k  was t u r n e d  on i t s  b a c k  t o  a l l o w  t h e  
w a te r  l a y e r  t o  f lo w  t o  t h e  open en d s  o f  t h e  t u b e s .  Removal 
o f  t h e  w a t e r  was f a c i l i t a t e d  by t o u c h i n g  t h e  t u b e s  w i th  an  
a b s o r b a n t  t i s s u e .
7 . )  A p p ro x im a te ly  0 .1  m l. o f  s t a c k i n g  g e l  s o l u t i o n  
was a d d e d  t o  e a c h  t u b e .  The p o l y m e r i z a t i o n  r a c k  was g e n t l y  
r o c k e d  so  t h a t  t h e  s t a c k i n g  g e l  s o l u t i o n  made c o n t a c t  w i t h  
t h e  e n t i r e  sam ple  g e l  s u r f a c e  o f  t h e  t u b e s .  The r a c k  was 
t u r n e d  on i t s  b a c k ,  a s  i n  S te p  6, t o  p e r m i t  t h e  s t a c k i n g
g e l  s o l u t i o n  t o  f lo w  t o  t h e  open end o f  t h e  t u b e s  f o r  r e m o v a l .
8 . )  T w o - te n th s  o f  one m l. ( 0 .2 0 )  o f  s t a c k i n g  g e l  
s o l u t i o n  was a d d e d  t o  e a c h  tu b e  an d  t h e  h e i g h t  o f  t h e  
s t a c k i n g  g e l  s o l u t i o n  i n  e a c h  tu b e  was a d j u s t e d  t o  t h a t
o f  t h e  c o n t r o l  g e l  t u b e .  The g e l  was w a te r  l a y e r e d  a s  i n  
S te p  U-, The f l u o r e s c e n t  l i g h t  was p l a c e d  12 i n c h e s  from  
t h e  r a c k  and  p h o t o p o ly m e r i z a t i o n  a l l o w e d  t o  p r o c e e d  f o r
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25 m in u te s .  The l i g h t  t h e n  p l a c e d  d i r e c t l y  In  f r o n t  o f  
t h e  r a c k  f o r  a n  a d d i t i o n a l  5 m in u te s .
9 . ) The w a t e r  l a y e r  was d r a i n e d  from  t h e  s t a c k i n g  
g e l  s u r f a c e .  Equal vo lum es o f  t h e  s e p a r a t i n g  g e l  s o l u t i o n  
a n d  ammonium p e r s u l f a t e  s o l u t i o n  were m ixed In  a n  E r le n m e y e r  
f l a s k  w i th  a  g e n t l e  s w i r l i n g  a c t i o n .  The s u r f a c e  o f  t h e  
s t a c k i n g  g e l  I n  e a c h  tu b e  was r i n s e d  w i t h  1 m l.  o f  t h e  
c a t a l y z e d  s e p a r a t i n g  g e l  s o l u t i o n .  The g e l  t u b e s  were 
f i l l e d  w i t h  t h e  s e p a r a t i n g  g e l  s o l u t i o n ,  a d d in g  enough  g e l  
t o  form  a  ro u n d e d  " b e a d "  on t h e  t o p  o f  t h e  t u b e s .
1 0 . )  Each g e l  tu b e  was s e a l e d  by g e n t l y  l a y e r i n g  
a  m ic ro s c o p e  c o v e r  s l i p  on t h e  open tu b e  t o p ,  t h e r e b y  
fo rm in g  a  f l a t  s u r f a c e .  The t o t a l  e l a p s e d  t im e  from  a d d i t i o n  
o f  t h e  s e p a r a t i n g  g e l  s o l u t i o n  t o  t h e  s e a l i n g  o f  t h e  tu b e  
d i d  n o t  e x c e e d  10 m in u t e s .  The g e l  t u b e s  w ere  p r o t e c t e d  
f ro m  s t r o n g  l i g h t  a n d  a l lo w e d  t o  c h e m ic a l ly  p o ly m e r iz e
f o r  30 m in u t e s .  E l e c t r o p h o r e s i s  o f  t h e  g e l s  n o r m a l ly  
o c c u r r e d  w i t h i n  30 m in u te s  o f  p o l y m e r i z a t i o n .
1 1 . )  F o l lo w in g  p o l y m e r i z a t i o n  o f  t h e  s e p a r a t i n g  g e l ,  
t h e  c o v e r  s l i p s  w ere  rem oved , t h e  a d ju s tm e n t  s c re w s  on t h e  
p o l y m e r i z a t i o n  r a c k  lo o s e n e d  a n d  th e  r u b b e r  c a p s  rem oved .
The fo l lo w in g :  a c t i v i t i e s  w ere  c o n d u c te d  I n  t h e  r e f r i g e r a t e d  
c o ld  room .
1 2 . )  The g e l  t u b e s  w e re  p o s i t i o n e d  i n  t h e  u p p e r  
b u f f e r  cham ber so  t h a t  t h e  e n d s  o f  t h e  t u b e s  c o n t a i n i n g  t h e  
sam ple  g e l  J u s t  p r o t r u d e d  th r o u g h  t h e  r u b b e r  grom m ets i n t o
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t h e  u p p e r  c h am b er .
1 3 . )  A d ro p  o f  t h e  lo w e r  b u f f e r  s o l u t i o n  was p la c e d  
on t h e  s e p a r a t i o n  g e l  end  o f  t h e  t u b e s .  A p p ro x im a te ly  
800 m l, o f  t h e  lo w e r  b u f f e r  s o l u t i o n  was a d d e d  t o  t h e  low er 
e l e c t r o p h o r e s i s  co m p a r tm e n t.  The u p p e r  e l e o t r o p h o r e s l s  
com partm en t w i t h  th e  g e l  t u b e s  was p o s i t i o n e d  on t o p  o f  th e  
lo w e r  com partm en t and  a d d i t i o n a l  lo w e r  b u f f e r  was a d d e d  
th r o u g h  th e  t o p  co m partm en t t o  e l i m i n a t e  a n y  a i r  s p a c e s  
b e tw een  th e  lo w e r  b u f f e r  an d  t h e  b o t to m  o f  t h e  u p p e r  
c o m p a r tm e n t .
1^, ) The u p p e r  e l e c t r o p h o r e s i s  com p artm en t was f i l l e d  
t o  t h e  r e d  l i n e  w i t h  t h e  u p p e r  b u f f e r  s o l u t i o n .
15*) The e l e c t r o d e  a s s e m b ly - c o v e r  was p o s i t i o n e d  
on t o p  o f  t h e  e l e c t r o p h o r e s i s  u n i t .  The c e n t e r  e l e c t r o d e  
was c o n n e c te d  t o  th e  a n o d e  ( r e d  l e a d )  o f  t h e  power s u p p l y .
The s i d e  e l e c t r o d e  ( b l a c k  l e a d )  was c o n n e c te d  t o  t h e  c a th o d e  
o f  t h e  power s u p p l y .
1 6 . )  I n i t i a l  s e t t i n g s  o f  t h e  power s u p p ly  s w i tc h e s
w e r e :
S w itc h  P o s i t i o n
P o l a r i t y  -  Normal
R e g u la t i o n  -  C u r re n t
V o l ta g e  -  HI -  1000 V.
C u r r e n t  -  Lo -  25 nia.
The c u r r e n t  f lo w  was a d j u s t e d  t o  12 ma, f o r  t h e  I n i t i a l  5 
m in u te s  o f  e l e c t r o p h o r e s i s .  The c u r r e n t  s w i t c h  was t h e n  
changed  t o  t h e  Hi -  250 ma. p o s i t i o n  and  t h e  c u r r e n t  f lo w
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a d j u s t e d  t o  36 ma. u n t i l  t h e  ru n  was t e r m i n a t e d .
1 7 . )  The c u r r e n t  f lo w  was s to p p e d  an d  e l e c t r o p h o r e s i s  
t e r m i n a t e d  when t h e  b lu e  c o lo r e d  t r a c k i n g  dye was 0 .7 5  in o h  
from  t h e  b o t to m  o f  t h e  c o n t r o l  t u b e .  F o l lo w in g  t h a t  t h e  
e l e c t r o p h o r e s i s  u n i t s  w ere  d i s m a n t l e d  i n  t h e  r e f r i g e r a t e d  
room.
T hese  a c t i v i t i e s  w ere  p e r fo rm e d  a t  room t e m p e r a t u r e .
1 8 . )  The g e l  t u b e s  w ere  rem oved from  t h e  u p p e r  
b u f f e r  cham ber one tu b e  a t  a  t im e .  A 10 co s y r i n g e  w i t h  a  
26 gauge  n e e d le  was f i l l e d  w i th  w a t e r .  The n e e d l e  was 
i n s e r t e d  i n t o  t h e  g e l  tu b e  from  t h e  s e p a r a t i n g  g e l  end , 
k e e p in g  t h e  n e e d l e  f l a t  a g a i n s t  t h e  g l a s s  s u r f a c e  t o  a v o id  
s c r a t c h i n g  th e  g e l .  The n e e d l e  was r o t a t e d  a ro u n d  t h e  i n n e r  
c i r c u m f e r e n c e  o f  t h e  t u b e .  A t t h e  same t im e ,  a  s t r e a m
o f  w a t e r  was f o r c e d  r a p i d l y  t h r o u g h  t h e  tu b e  from  t h e  s y r i n g e .  
The g e l  s l i d  o u t  o f  th e  g l a s s  tu b e  a n d  was t r a n s f e r r e d  
t o  a  g l a s s  t e s t  t u b e .
1 9 . )  To a  250 m l. f l a s k  was a d d e d  400 mg. o f  sod ium  
a lp h a - n a p h t h y l  a c i d  p h o s p h a te ,  400 mg. P a s t  Red TR, and  200 m l. 
o f  t h e  s t a i n i n g  b u f f e r  s o l u t i o n .  The m ix tu r e  was q u i c k l y  
s t i r r e d  a n d  t h e n  f i l t e r e d  w i t h  s u c t i o n  t h r o u g h  a  B uchner 
f u n n e l .
2 0 . )  The f i l t e r e d  s t a i n i n g  s o l u t i o n  was ad ded  t o  
th e  t u b e s  c o n t a i n i n g  t h e  e l e o t r o p h o r e s e d  g e l s .  The t u b e s  
were t h e n  p l a c e d  i n  a  r a c k  a n d  t h e  r a c k  Im m ersed i n  a  40°C . 
w a te r  b a t h .
2 1 . )  The rack con ta in in g  the tubes was removed 
from the water bath a f t e r  the appearance o f red-brown 
colored  bands In the g e l s .  The s ta in in g  so lu t io n  was 
decanted from the tubes and rep laoed  w ith  the g e l  f ix in g  
so lu t io n . The tubes were then stoppered .
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CHEMICAL FORMULATIONS FOR POLYACRYLAMIDE DISC ELECTROPHORESIS 
Stook S o l u t i o n s  (D a v is ,  196k)
(A) (B)
IN HCl 48 m l.  1M H-POu 2 5 -6  m l.
T r l s  3 6 .3  gm. T r l s J  5 . 7  gm.
TEMED 0 .4 6  m l .  TEMED 0 .4 6  m l.
w a t e r  to  100 m l .  w a t e r  t o  100 m l.
(pH 8 .9 )  (pH 6 . 9 )
(C ) (D)
A o ry lam ld e  30 gm. A o ry lam ld e  10 gm.
BIS 0 .8  gm. BIS 2 . 5  gm.
w a t e r  to  100 m l.  w a t e r  t o  100 m l,
(E )  (F)
R i b o f l a v i n  4 .0  mg. S u c ro se  40 gm.
w a t e r  t o  100 m l .  w a t e r  60  m l.
T r l s  »  2 - A m ln o - 2 - ( h y d r o x y m e t h y l ) - l , 3 - p r o p a n e d l o l  
TEMED = N .N .N 1,N ' - T e t r a m e t h y le t h y l e n e d l a m l n e  
BIS = N.N’ - M e th y le n e b i s a c r y l a m id e  
w a t e r  = d e i o n i z e d  d i s t i l l e d  w a t e r
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0 .1 4 #  Ammonium P e r s u l f a t e  S o l u t i o n
Ammonium p e r s u l f a t e  0 .1 4  gm.
w a t e r  t o  100  m l.
0 .0 3 #  Brom phenol B lue  S o l u t i o n
Brom phenol B lue 0 .0 3  gm.
w a te r  t o  100  m l.
Column Coat S o l u t i o n
Tween 20 3 ml*
E th y le n e  g l y o o l  3 m l.
w a t e r  t o  100 m l.
Upper Chamber E l e o t r o p h o r e s l s  B u f f e r  (B u o h le r  I n s t r u m e n t s ,  1966)
T r l s  5*16 gm.
G ly c in e  3*48 gm.
0 .0 3 #  Brom phenol
B lue  S o l .  0 .5  m l.
w a t e r  t o  1 L.
(pH 8 .9 1 )
Lower Chamber E l e o t r o p h o r e s i s  B u f f e r  ( B u o h le r  I n s t r u m e n t s ,  1 9 6 6 )
T r l s  1 4 ,5  gm.
12N HC1 5*5 m l.
w a t e r  t o  1 L.
(pH 8 .0 7 )
Tween 20 = P o ly o x y e th y le n e  (2 0 )  s o r b l t a n  m o n o la u r a te
S t a i n  B u f f e r  S o l u t i o n  (L aw rence  e t .  a l , . i 9 6 0 )
T r l s  1 2 .1 1  gm.
10# MgCl 6 .2  m l.
12N HC1 2 1 .7  m l.
w a t e r  t o  1 L.
(pH 8 . 8 )
G e l F i x i n g  S o l u t i o n
A b s o lu te  M e th an o l 5 m l.
W ate r  5 m l.
G l y c e r o l  2 m l.
G l a o i a l  A c e t i c  A cid  1 m l.
83
Working S o l u t i o n s
• v
P h o s p h a ta s e  C o n t r o l  Sample
A l k a l i n e  p h o s p h a ta s e  (C h ic k e n  I r . t e s t i n a l ,  EC 3 . 1 . 3 . 1 )  1 mg.
2 m l.
Sample a n d  S t a c k i n g  G el S o l u t i o n s
S o l u t i o n  B 2 m l.
S o l u t i o n  D 4 m l.
S o l u t i o n  E 2 m l.
S o l u t i o n  F 6 m l.
S e p a r a t i o n  Gel
S o l u t i o n  A 14 m l.
S o l u t i o n  C 14 m l.
0 .1 4 $  Ammonium 
P e r s u l f a t e
S o l u t i o n  28 m l.
S t a i n  M ix tu re
S t a i n  B u f f e r  S o l u t i o n  200 m l.
p - C h l o r o - o T o l u id l n e  400  mg.
a - n a p h t h y l  a c i d  p h o s p h a te .
sodium  400  mg.
C h ick en  I n t e s t i n a l  a l k a l i n e  p h o s p h a ta s e  (EC 3 * 1 .3 .1 )  
o b t a i n e d  from  W o rth in g to n  B io c h e m ic a l s  C o r p o r a t i o n ,  
F r e e h o ld ,  New J e r s e y  07728, l o t  num bers PC7KA an d  
PC8CA.
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